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PREFACE. 



This paper contains a detailed account of all the observations made with the Indian 
half-seconds pendulum apparatus from the date of its purchase in 1903 to the end of the season 
1906-07. 

A gravimetric survey of the whole country is the ultimate object of the operations^ of 
which the first few are here described^ and nothing less will serve to elucidate all the problems 
that it is sought to solve ; but this is a far off ideal and as it is well to have some more immediate 
goal in view^ to fix ideas and to give definiteness to the programme of work of each year^ two 
primary problems were attacked in the first instance. 

These were, to ascertain the extent to which visible excesses of mass, such as mountains, 
are compensated by deficient density ; and to test with the pendulums the truth of the inferences 
drawn by Colonel Burrard from the Astronomical Latitudes and Longitudes, that is to say, to find 
out whether there exists a chain of excessive density running more or less paralld to the 
Himalayas, distant some 150 miles from them and extending from the Bay of Bengal to the 
Punjab. 

Captain Basevi^s celebrated observation in 1871, with the Royal Society^s Pendulums, at 
Mor£ at an elevation of 15400 feet above the sea, gave a result which seemed to show that the 
mountain mass was entirely compensated by deficient density : that is to say, his value of gravity 
was the same as would have been expected if the observation had been made in a balloon floating 
at a height of 15400 feet above a plain at sea level. There are reasons however for doubting 
whether this observation was trustworthy. It was made under circumstances of great difficulty 
and Captain Basevi was in very bad health. 

The story of how this indomitable observer lost his life while pushing on from Mor6 
to % still higher altitude need not be retold here, but it is proper to remark that, though every care 
was taken by his successors in reducing the More observations, it is possible that had he lived he 
might have had suggestions to make which would have altered the value deduced from his 
work. 

Colonel Burrard has shewn, in Professional Paper No. 5, that total compensation is 
incompatible with the deflections of the plumb-line revealed by the latitude observations at and 
near the foot of the hills. Archdeacon Pratt's theory of mountain compensation was in a large 
measure based on the smallness of the deflections observed at Kali^na, but Colonel Burrard has 
shewn that this is explaine4 by the presence of a line of excessive density, in the position men- 
tioned above, and that many other apparent anomalies, which were unknown to the archdeacon, 
may also be accounted for in the same way. 
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( viii ) 

No station of altitude equal to that of More has been visited with the new apparatus^ but 
five stations in the Himalayas and two in the Baluchistan hills are included in the present series^ 
the highest being Sandakphu^ 11766 feet. 

At all these points a deficiency of density is revealed, but in no case does it amount to 
total compensation and at Sandakphu it is equivalent to not much more than one-third of the 
apparent mass. Under all the submontane and mountain stations there appears to be a defici- 
ency which is nearly constant in amount and is not proportional to the height of the station ; this 
applies not only to the Himalayan stations but to those on and at the foot of the Baluchistan 
ranges also. 

Colonel Burrard's hidden chain has been crossed in two places and in each it has made its 
presence unmistakeably felt. 

In the plains of Bengal its crest lies near the station of Eisnapur, (latitude 25° 2\ 
longitude 88^ 28') and in the Punjab somewhere between Ferozepore and Montgomery (about 
latitude 30° 50', longitude 74° 30'). 

Noteworthy features are the trough of great deficiency which lies at the foot of the 
mountains of Northern India, and the way in which this deficiency gradually diminishes and 
finally gives place to an excess of density at a distance of 100 to 150 miles from them. This is 
seen on five different lines, namely : — 

( i. ) On the line extending southwards from Rajpur to Gesupur : 

' (ii. ) On the line from Siliguri to Eisnapur and Chatra : 

(iii.) On the line from Fath&nkot to Ferozepore. 

These three lines start from the base of the Himalayas. 

(iv. ) On the line from Dera Ohazi Khan near the base of the Suleman Mountains 
through Multan to Montgomery, and lastly (v.) there is the station of Sibi at the foot of the Balu- 
chistan hills with Jacobabad 120 miles further from them. 

These several ranges of hills are all of similar structure. It will be of great interest to 
ascertain whether the same features present themselves in the case of the mountains of Southern 
and Central India which are of a different character. Observations which will throw light on this 
are in progress. 

As far as the work has now advanced it will be seen that the theory of total compensation 
of mountain masses is not supported and that the truth of Colonel Burrard's deductions from the 
observed deflections of the plumb-line is confirmed. 

But observations at stations further in among the hills are required before we can make 
any general statement as to the amount of compensation that afiects the Himalayan masses as a 
whole, and numerous stations along and on both sides of the hidden chain must be visited td 
enable us to form a correct idea of its position and shape. With regard to the Himalayas I do not 
think that stations at great altitudes will be the best; the difficulties of carrying out observations 
of adequate accuracy in very exposed positions are enormous, and the important point is, in my 
opinion, to get away from the fringe of the hills rather than to get up as high as possible. 

In carrying out these observations and in preparing this account of them I have received 
help from many quarters and I take this opportunity of tendering my most grateful acknow- 
ledgments. 
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First and foremost I have to thank Colonel Bnrrard^ to whom the inception of the ander* 
taking is wholly due^ for constant encouragement^ adyice and support which have smoothed 
many difficulties from my path. 

Mr. Eccles has helped me much in preparing the account for the press and has given me 
the benefit of his knowledge in many ways. Captain H. M. Cowie has frequently assisted me in 
the observatory and has read many of the proofs. 

My Assistant Babu Hanuman Prasad^ who has been with me throughout the work in India^ 
has done his share both of the observations and of the computations to my entire satisfaction ; the 
late Babu Shiv Nath Saha, Head Computer of the Trigonometrical Survey Office, on whom I have 
placed great reliance for many years, checked my figures ; his successor Babu Ishan Chandra 
Dev, B.A., has made a great number of valuable suggestions and assisted by Babu Mukundananda 
Acharya has corrected all proofs. 

In various parts of India I have been indebted to Officers of the Civil Service, of the Public 
Works Departmen^aud of the Military Works Service and to others for the loan of rooms in which 
to erect the apparatu^and I have received much personal hospitality at their hands. 

The list of those to whom my thanks are due would be a long one and I must confine my- 
self to a general expression of gratitude for their many kindnesses. 

December J 1908. 6, P. Lsnoz Contnoham. 



Digitized by 



Google 



Digitized by 



Google 



CHAPTER I. 

The Pendulum Observations made at Kew and Greenwich 

Observatories in 1903.* 



The pendulum observations of which an account is given in this Chapter had their origin 
in the decision of the Goverumeut of India to extend^ with the aid of a new portable apparatus^ 
the operations which were brought to a cIosp in 1870. 

Professor F. R. Helmert, Director of the Central Bureau of the International Geodetic 
Association^ was asked for advice as to the form of apparatus to be acquired and he recommended 
the use of a half-seconds pendulum equipment as designed by Colonel von Sterneck. He further 
offered to obtain the instruments from Vienna^ to have them fitted with the additions necessarj 
for the determination of the flexure correction^ to test the whole apparatus and to make determi- 
nations of the constants of the temperature and density corrections. 

The India Ofl5ce adopted Professor Helmert^s suggestions and gratefully accepted the 
offer of his valuable assistance. The equipment was therefore ordered through the Geodetic 
Institute in Potsdam^ where the observations for determining the instrumental constants were 
made by Professor L. Haasemann under Professor Helmert's direction. 

In October 1902 Major Burrard and I happened to be on leave in England, and went to 
Potsdam in order to study the method of observing. We were most cordially received, and Professor 
Haasemann, who had had much experience in pendulum work, gave up the whole of his time to 
our instruction. 

The apparatus was not quite complete at this time nor had the determinations of the 
constants been made, so at our departure we did not take the equipment with us, but left it to 
be sent over to England later on. 

As the apparatus does not give the absolute value of the force of gravity, but only the 

difference from that at a Base station, the next step was to 
*** * ^°°* choose a Base and there swing the pendulums. 

Kew Observatory was selected because it had been the Base Station of the earlier Indian 
series, and Dr. R. T. Glazebrook, P.R.S., Director of the National Physical Laboratory, most 
kindly gave his permission and promised all necessary assistance. Professor Helmert had asked 
that a fresh determination of the constants might be made at Kew as a check on the values 
obtained at Potsdam, and this also Dr. Glazebrook kindly undertook. In the meantime how- 
ever the suggestion had been made by Mr. W. H. M. Christie, C.B., F.R.S., Astronomer Royal, 

* An abridged account of these obseryations appeared in the Proce«(2tfi^« of the Royal Society — A. Vol, 78, 
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that the opportunity should be taken of making swings at Greenwich as well as at Eew so as 
to obtain a Talue of the difference in g at these obserratories. 

The Secretary of State for India sanctioned the addition of this work to the originally 
proposed standardisation and deputed Major Burrard and me to undertake it with the assistance 
of the Kew Staff. 

The apparatus was made by K Schneider of Vienna after Colonel ron Sterneck^s design. 

The pendulums are four in number, all of precisely similar 

e appara us. appearance and with very nearly equal times of vibration. Their 

numbers are 137, 138, 139 and 140. They are made of brass heavily gilded, and have agate 

edges on which to vibrate \ each has a small vertical mirror securely fastened to its head just 

above the line of these edges. 

The stand on which the pendulums hang during the observation i« solidly made of - 
brass in the form of a truncated cone with three large apertures in the conical surface. It 
rests on three foot-screws which are capable of being firmly clamped. The. stand carries a 
highly polished agate plane for the reception of the agate edges. 

This plane is pierced by an oblong hole through which the head of the pendulum 
which is to be suspended is passed from underneath ; after passage the pendulum is turned 
through a right angle so that the knife-edge bridging the hole, rests on tlie agate surface. 
In order to avoid accidental injury to the agates, such as might happen if the edges had to 
be placed on the plane by hand, the edges are divided into two portions, inner and outer, and 
stirrups are provided on which the operator places the latter in the first instance ; then by the 
action of a slow-motion screw the stirrups are gently lowered from under the ec^es until the 
inner or true portions rest on the .plane, the outer being entirely free. 

In the base of the stand a lever is provided for starting the oscillation of the pendulum^ 
it has an adjusting screw so that an oscillation of any desired amplitude can be imparted. 

The pendulums swing in air at the natural pressure, but are protected by a cover from 
draughts. 

The flash-box constitutes the other essential part of the equipment. It contains a con- 
trivance whereby a shutter, moving up and down under the control of a break-circuit clock, 
allows a flash of light to pass through a slit at every beat or every alternate beat. This flash of 
light is reflected by the mirror on the vibrating pendulum into a small telescope fixed on 
the top of the flash-box ; the times at which the flash passes the horizontal wire in the field 
of the telescope correspond to the coincidences of the free pendulum with the clock pendulum;, 
the intervals between such passages are therefore the coincidenjce intervals o£ the pendulums. 

The coincidence interval of each of the pendulums under discussion with that of a 
sidereal dock is about 35 see. This is connected with the time of vibration by the equation 



# = 



2c- 1 

If c =s 35 sec, * = 0*507 sec. approximately; 

On the front of the flash-box there is aporcelain scale, graduated into divisions of 3 millimetres. 
By observing the reflection of this scale in the pendulum mirror and noting how many divisions 
pass over the central wire of the telescope as the pendulum vibrates, the amplitude of tlie 
vibration is determined, when the distance between the mirror and the scale is known. A 
convenient distance is about 2 metres and a convenient initial amplitude (semi-arc) of vibration is. 
from 12 minutes to 20 minutes^ 
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Besides the pendulum apparatus the e^ipment includes a clock with a half seconds 
, , pendulum^ specially designed for portability. It has a conve- 

nient arrangement whereby the pendulum can be lifted from its 
bearings and clamped to the back of the case^ so that it need not be taken off for a journey. 

The pendulum, made by Riefler of Munich, is of invar. 

The break-circuit arrangement eonsists of a light lever fixed to one side of the clock case, 
which is lifted by a short arm on the pendulum as it approaches the end of its swing in that 
direction. The lever is adjustable so that the circuit may be broken for a longer or shorter 
fraction of a second at wilL 

The clock, made by Messrs. Strasser and Rohde of Glasshiitte, is known as S.R. 238^ 
This clock was not the only one used for timing the pendulums. Both at Kew and at Greenwich 
the standard clocks of the observatories were also connected to the ffash-box, so that alternate 
observations eould be mrade on each pendulum. In this paper the clock at Kew is called 
"Morrison 8702'' and that at Greenwich ''Sidereal Standard'' or ''S.S". Two break-circuit 
chronometers were most generously lent by Messrs. T. Mercer &; Sons and by Mr. V. Kullberg res- 
pectively at a time when it was feared that S.R. 238 would not be ready. 

That lent by Messrs. Mercer & Sons was used at Kew for two sets of observations. 

The equipment includes two pairs of centigrade thermometers for the determination of 

the temperature inside the pendulum cover. The same pair 
was used! both at Kew and at Greenwich, namely No; 105368 
and No. 105369 by Negretti and Zambra. 

The degrees are divided on the scale into fifths, and they were read to fiftieths by estima- 
tion. The corrections of these thermometers were determined at the- National Physical Labo-- 
xatory both before and after the pendulum observations. 

A barometer and hygrometer were lent by the National Physical Laboratory.. 

a?KE. COERECTIONS TQ THE. OBSEETBD TIME OP VIBBATION. 
The corrections are five in number, viz : — 

I.^ Eeduction to a vacuum.. 

2. y, a temperature of 0° C. 

3. ^ an infinitely small arc. 

4. ,, sidereal seconds. 

5. ,,. a rigid pillar and standi 



The reduction to a vacuum^ or eorrection for atmospheric density, is given by the expnesMom 



Beduction to a Tacuuxxik 



760 + 2-79t 



where B = height of barometer in observing roomy 

b = reading of manometer attached to pendulum' cover; (hot used* in these- observations),. 

e = elastic force of aqueous vapour, 

t = temperature inside the pendulum cover in degrees centigrade: 

A:' = a coefficient diepending on the pendulum^s shape, surface, etc; 

The value of *' was carefully determined at Potsdam- by Professor Kaasemann; He- 
had the advantage of possessing two complete sets of instruments, and was thus able to swing 
two pendulums simultaneously, timing both by the same clock, and. so arrangiDg the observations^ 
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as to cause the mean epochs of observation to coincide. The difference of the times of vibration 
thus obtained was free from the effect of unsteadiness in the rate of the clock. 

From observations of all possible pairs of pendulums, under pressures varying from SSO*™ 
to 1180"^ of mercury, he obtained equations whence the following results were deduced. 

Pendulum 137 *' = 594 + 25 

138 572 ± 6-5 

139 606 ± 10 

140 606 ± 1-7 

Mean s: 595 

In these numbers the unit is the 7th decimal place o£ a sidereal second. 
The observations at Kew for the determination of k' were carried out by Mr. E. O. 
Constable. 

No vacuum chamber had been supplied with the apparatus but one was specially made 
under Dr. Glazebrook's direction. 

As only the one apparatus was available at Kew, consecutive observations of the same 
pendulum under different pressures had to be made and the clock^s rate had to be considered 
invariable. 

Observations were made at pressures of 395"*", 585°^ and 775"^"* and the results were as 
follows : — 

Pendulum 137 k' = 605 

138 591 

139 621 

140 603 

Mean = 605 

Dr. Chree, who kindly reduced all the Kew observations, estimates that the error in the 
value of the constant for a single pendulum may. not improbably amount to 2 or 3 per cent. 

The Kew and Potsdam sets of values therefore agree as well as could be expected. 

In the reduction of the pendulum observations, which follow, the Potsdam values have 
alone been used. This is due to the circumstance that the Kew observations were made later 
and were not available when the comp^utations were being carried out. 

No appreciable effect on the difference between the times of vibration of a pendulum at 
Kew and Greenwich respectively would be produced by a change of 10 per cent in k\ whereas 
here the difference between the means of the two sets is but 17 per cent. 

The reduction to 0° Centigrade is suflBlciently represented by the simple expression 

Boduction to 0° Temp. ^j^^ 

where / is the temperature of the pendulum during the observation and k a factor depending on its 
coefficient of expansion. 

Determinations of k were made both at Potsdam and at Kew. At the former place Pro- 
fessor Haasemann again took advantage of his second apparatus, by comparing the time of 
vibration of each of the pendulums at different temperatures, with that of a reference pendulum 
which was swinging in an adjoining room where the temperature was nearly uniform. As before, 
the same clock was used for both pendulums and thus the results were freed from the effects of 
variable clock rate. 
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At Potsdam the pendulums were swung in a special case or chamber in which the 
temperature was artificially raised; at Kew the whole room in which the observations were 
made was heated. 

At both places the pendulums were swung in air at the natural pressure. 

At Potsdam observations were made at 3°C and 44^C approximately; at Kew the tempera- 
tures were I'^C, 2ifC and 35°C. 

The resulting values of k were as follows :— 







Potsdam 


Ktw 


lulu] 


m 137 


49-2 + 01 


48-9 


» 


138 


48-9 + 0-2 


50-8 


}> 


139 


49- 1 + 0-2 


48-2 


if 


140 


48-9 + 01 


496 



Mean 490 494 

The unit of these numbers is the 7th decimal place of a second of time. 

The mean of the readings of two thermometers attached to the stand, the bulb of one 
being some distance above the middle of the pendulum^s stem and that of the other au equal 
distance below it, was accepted as the temperature of the pendulum. 

The thermometers used at Kew were not the same as those used at Potsdam, the latter 
being considerably smaller than the former,- the close agreement between the results given 
above is some evidence, even if not very conclusive, that during the observations the temperature 
of the pendulum was well represented by the mean of the two thermometer readings. 

The observation of each pendulum does not last longer than an hour and the decrease 

-, J ,. ^ • /. .^ 1 n in arc between the beginnino^ and end is not excessive: the 

Redaciion to an infioiteJy small arc. i .• . • z» -^ r T^ • ^t i- •.■, m 

reduction to an mnuitely small arc is tnereiore given with sum- 
cient accuracy by the expression 



— s 



16 

where s = observed time of vibration 
a = mean semi-arc 



Since the time of vibration = Oo07 approximately, the correction to be applied on 
-o ji ^' ^ ., , ^. account of a clock rate of one second per diem is 

Keduction to sidereal time. ^ 

^ X 0-507 = 58*7 X 10"^ 



86400 



Several methods of determining the correction requisite to reduce the observed time of 
. vibration to what it would have been on a perfectly rigid pillar 

a rigi pi ar. ^^^ stand, have been devised. 

In 1818 Kater, in a paper which he communicated to the Royal Society, alluded to the 
necessity of ascertaining that the stand on which his pendulum was swung was sensibly rigid; 
and the instrument which he employed for testing this consisted of a vertical rod, supported 
from below by a thin spring and carrying a moveable weight*. By adjusting the position of 
the weight the time of vibration of this inverted pendulum was made to coincide with that of 
the pendulum under observation, on the stand of which it was placed. 

If the stand was being drawn to and fro by the swinging pendulum, even to a small ex- 
tent, a visible vibration would in the course of a few minutes be set up, the amount of this 
induced vibration being a measure of the flexibility of the stand. 

♦ A drawing of the instrument is to be found in Plato K.— Ill, Fig, 4, Vol, V of •* The Account of the Operation* 
0/ ike Cheat Trigonometrical iSuroey of India," 
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This idea has been gradually developed, and the apparatus which has been adopted for 
employment with this equipment is the latest form of device for giving eflfect to it. It is the 
invention of Professor R. Schumann of the Prussian Geodetic Institute. The necessary additions 
to the instrument to enable the method to be applied were made in Potsdam by Messrs. Topfer 
& Sohn under Professor Helmert's direction. 

The method may be described as follows : — 

Two pendulums which vibrate in equal times are suspended on the same stand so that 
their planes of vibration coincide ; both are carefully brought to rest and then one (which will 
be called the driving pendulum) is set swinging with a considerable amplitude. The rapidity 
with which the second (which will be called the driven pendulum) takes up the oscillation from 
the first is a measure of the flexibility of the pillar and stand ; the correction to be applied to the 
time of vibration is deduced from the results of the observation. In order to shield the driven 
pendulum from the influence of the air set in motion by the driving pendulum a screen is 
placed between them. 

By a theoretical analysis Professor Schumann shows that for a moderate time from 
the commencement of the oscillation (with these pendulums about 30 minutes)^ the ratio of the 
amplitude of the two pendulums increases as the time^ the expression being 

where <f} = amplitude of driven pendulum") ... . 
^ = „ driving „ )att"°«' 

dl = the small virtual increase in the length of the driving pen- 
dulum caused by the flexure of the stand. 
/ = the length of the pendulum. 

It is thus possible with a suitable apparatus to make observations whence dl can be de- 
duced, and thence immediately the increase in the time of the pendulum's vibration due to the 
flexure of the stand. 

Equality in the vibration periods of the two pendulums is one of the necessary condi- 
tions, and in practice it is found convenient to use as the driver an auxiliary pendulum, heavier 
than those of the original set of four and with an adjustable bob. The extra weight is to in- 
crease the effect on the driven pendulum and thus render it easier to measure, and the adjusta- 
bility is to enable it to be used with any of the four invariable pendulums, or indeed with any 
pendulum whose period is about half a secoud. 

In order to allow of the simultaneous suspension of two pendulums a strong bracket wa» 
fitted to the head of the stand, bearing agate planes for the reception of the driven pendulum : 
means of raising and lowering the pendulum without jarring its edges were provided. When 
both pendulums are suspended their knife-edges are in the same horizontal plane, parallel to 
each other and about 3 inches apart. 

Fixed to the head of the driving pendulum is an arm, equal in length to this space, which 
carries at its end a vertical mirror ; thus when this pendulum is resting on the central agate 
plane and the driven pendulum on the bracket their two mirrors are side by side. 

The observation consists of simultaneously measuring the amplitudes of the oscillations 
of the two pendulums. This is done by observing the reflections of the scale fixed to the front 
of the flash-box. As the amplitudes of the oscillations never exceed 2®, and as their ratio only 
is required, it is sufficiently accurate to use the scale readings instead of computing the angles. 

The observation proceeds as follows : — 

When the driven pendulum has been carefully brought to rest in its natural position, 
the driver is set swinging through a suitable arc : the time at which the oscillation begins is 
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noted and two minutes are allowed to elapse before the observations commence. During the 
third minute the amplitude of the driver is first noted then that of the driven and then that 
of the driver again ; thus the amplitudes at a common epochs 2^ minutes from the start, are 
measured : the fourth minute is allowed to pass^ but during the fifth similar readings are made^ 
aud so on until eight sets have been recorded. 

Eight values of the ratio -^ have now been obtained, each of which would give a value 

of dl, but the expression connecting these quantities is based on the hypothesis that the driven 
pendulum is at perfect rest when the driver begins to oscillate^ a condition which may not be 

satisfied. ' Prof. Schumann therefore puts ^ = C •{ Dt 

Hence^ combining any two of the observations ve hare 

^ _ ^ _ dl /— 

■fs -^i ~ 2/ V r ^ ^ * ~ ^ 

/^ _ M _ 

and dl = V^ til x2/a A 

or, converting into terms of s the time of vibration common to both pendulums 

dl = ^^±l—±lx29x^. 

It is more convenient to find the increase in the time of vibration due to flexure than 
the virtual increase in the length of the pendulum, 

J da . TT 

and as —- ^ \ 



dl * ^-gj 



we have ds = ^^ -i-1^ x ~. 

^8 - ^ '^ 

The extent to which the pillar yields is proportional to the horizontal pull of the knife* 
edge on the agate plane ; therefore to obtain the quantity appropriate to the invariable pen- 
dulum, ds must be multiplied by a factor equal to the ratio of the moments of the invaria- 
ble and auxiliary pendulums about their knife-edges. An empirical factor depending on the 
individual peculiarities of each penduluna,— diflFerence in knife-edge etc. — was also sought for, 
but it was found that for pendulums of this form none is necessary: 

The moments of the pendulums were not known but their ratio was determined by the 
following simple method: the pendulums, suspended as for the flexure observation, were brought 
to rest and readings of the reflected scales were taken with the telescope and recorded. A 
thread was then tied lightly round the stems of the pendulums so as to deflect them inwards 
from the vertical. If the pendulums be then brought to rest, and if the thread by which they 
are tied be horizontal, the angles through which they have respectively been deflected are in the 
inverse ratio of the moments about the points of suspension. If the observation of the reflect- 
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ed scales be now repeated the differences between the first and second sets of readings are 
measures of the angles of deflection, and the inverse ratio ^of these differences is equal to the 
required ratio of the moments. By a few repetitions of this process a sufficiently accurate 
yalue of the moment ratio can be obtained. 

The four pendulums are so similar that in practice it is unnecessary to determine the flexure 
correction for each separately. The auxiliary pendulum was adjusted to swing isochronously with 
No. 137 and the latter has always been used for the flexure observation. The ratio uf the 
moments of these two pendulums is 0*533. "" 

The correction to the time of vibration of one of theinvariable pendulums when swinging 
on the stand designed by Colonel von Sterneck — the stand being firmly clamped to a granite slab 
and the slab cemented to a solid masonry pillar some 20 inches high — is found to be about 38 x lO"'- 
It varies slightly according to the tightness of the clamping and the quality of the pillar. 
29 X 10"' and 60 x 10"' are the extreme values that have so far been found with this apparatus. 

The probable error of a single determination is less than ± 1 x 10"'j and that of the mean of 
four independent measures will not be larger than the probable error of other corrections. 

The following is a specimen of the record of an observation for flexure and of the 
computation of the correction : — 

Observation for Flexure. 
Kew, October 16th, 1903. Observer E. G. Constable. 



Auxiliary Pendulum stnrUsd at 36" 20" 1 


No. 


Pendulum 


Time 


Scale Readings 


Amplitude 


Mean 
Amplitude 


Ratio 


From 


To 


Above 


Below 


X 


Aiixy: 

137 
Auxy: 


91 * 
38 20 


m 9 
39 20 


14-3 

0*2 

14*3 


142 

Q'O 
141 


28s 

0-2 

28-4 


28-45 
02 


•0070 


2 


Auxy: 

137 

Auxy: 


40 20 


41 20 


140 

0*3 

141 


138 
02 

13*7 


27-8 

o-S 
278 


27-8 
o'S 


'0180 


3 


Auxy: 

137 
Auxy: 


42 20 


43 20 


140 
o'4S 
13-9 


137 

0-4 

136 


27-7 
0-8S 
27-5 


27-6 
0-85 


•0308 


4 


Auxy: 

137 
Auxy: 


44 20 


45 30 


13 7 

o*55 
13-7 


'34 

OS 

>3-4 


27-1 

I OS 
271 


27-1 
I OS 


•0387 


5 


Auxy: 

137 
Auxy : 


46 20 


47 20 


135 
0-7 

»3-5 


'3*2 

0-6 

'3*2 


26-7 


267 
1-3 


'0487 


6 


Auxy: 

137 
Auxy: 


48 20 


49 20 


13*3 

0-8 

132 


13-1 

08 

130 


264 

1-6 

262 


263 
1-6 


•0608 


7 


Auxy: 

137 
Auxy: 


SO 20 


51 20 


130 
13-0 


12-8 

0-95 
120 


'•8s 
25-8 


25-8 
I-8S 


•0717 


8 


Auxy: 

137 
Auxy: 


52 30 


53 20 


12-8 

I'D 
12-8 


12 6 

10 

»2-5 


25-4 
20 

25-3 


25-35 

2'0 


•0789 
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Computation of Flexure Correction. 



Numbers 

of Die 

ObserTations 


Difference 
of Katios 


Factor* 


Flexure 
Correction 


5-1 
6-2 
7-3 

8-4 


•0417 
•0428 
•0409 
-0402 


909 X lo""' 
i> 
n 
If 

Mean ... 


37*9 ^ 'o"' 
389 
37» 
365. 


37 -6 X 10"' 



For the deternunation of the value of g at any station the programme of observation of 

_, . ., , ^. each pendulum consists of observing: two series of 10 consecutive 

The coincidence observation. --j r -^i -^ ^ ^ -rs - -n 1. 

coincidences eacn^ with an interval of oO coincidences between 

the last coincidence of the first series and the first of the second series. 

Ten values of a sixty-coincidence interval are thus obtained, from the mean of which a 
value of the time of vibration can l)e derived with a probable error not greater than that of 
the corrections for temperature flexure, etc. 

Each peudulum was swung t^ice in 24 hours, intervals of 12 hours separating the swings, 
and it was assumed that the mean rate of the clock during the swings was equal to that 
deduced from star observations made at the same hour each evening. 

The observations were usually made from 9 a.m. to ) p.m. and from 9 p.m. to 1 a.m. 
the mean of the two constituting a determination of the time of vibration : a single observation 
was not considered of any value. 

A copy bf the record of an observation is given as an example. 



Station Greenwich. 
Date, 24th October 1903. Clock, S. R. 238. Pendulum 140. Observer E.G. Constable. 



Time 


Barometer 


Hygrometer 


Arc 


Pendulum ^bermometerB 


h 


t 


Dry 


Wet 


AboTe Below 


Ko. 105368 


Lower 
Ko. 105369 


h m 
10—10 

30 

59 


t«i. 
29727 

•728 

•726 



48 6 F 

48 7 
4»-7 




484 F 
•4 
•4 



45-4 F 

•4 

•5 


d 

5*7 

47 
3*9 


d 

5*7 

4-7 
3*9 



9850 

•85 

•85 



9 90O 

•90 

•90 


MEANS 


29727 


487 


484 


45*4 


48 


48 


9 85 


9'90 



* Fmctor » 



^ wf (or>07)« 

» (<2 - h) ^ m'#' " 3- 1416 X 4tt0' 



X 0*533 - 0-0000909. /j - ^| - 8 minutei. 
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Coincidences, 



No. 


Time 


No. 


Time 


Difference 


Remarks 


1 


h m 9 
lo 13 295 


61 


h m 9 
10 51 380 


m 9 
38 8-5 




2 


14 7-8 


62 


52 l6'2 


8-4 




3 


45-6 


63 


S4-« 


8-6 




4 


15 24-0 


64 


i^z 32-5 


. 8-5 




6 


16 2*0 


65 


54 lO'S 


8-5 




6 


40-4 


66 


488 


8-4 




7 


17 i8'3 


67 


55 a6-9 


8-6 




8 


565 


68 


56 5-0 


8-5 


• 


9 


18 34-6 


69 


43« 


8-5 




10 
11 


19 130 
50-8 


70 


57 21-3 


8-3 




MEAN 38 8*48 








« Coincidence interral x 60 





DESCRIPTION OF STATIONS. 

At Kew the pendulums were swung in the north room of the small house which lies to the 
west of the main building. 

The pendulums oscillated in the plane of the prime vertical approximately, the shape of the 
room not permitting of their being swung in the meridian. This room had not before been used 
for pendulum observations. The rooms in the basement of the main building, which had been 
occupied by the various observers from 1864 to 1900, now contain the seismograph and arc no 
longer available. 

The new station is 100 feet 6 inches west of, 5 inches north of, and 6 feet 4 inches higher 
than that occupied by Mr. Constable in 1888 and by Mr. G. B. Putnam in 1900. 

The co-ordinates of the new station are- 



Latitude north 



51^28' 6^ 



Longitude west ... 18 48. 

Height above mean sea level 23 feet. 

At Greenwich the station was the same as that occupied by Colonel von Sterneck, Mr. 
Putnam, Mr. Hollis and others. It is situated in the record room about 20 yards to the east of 
the prime meridian. 

The pendulums oscillated in the plane of the meridian. 

The co-ordinates of the station are : — 

Latitude north ... 5 F 28' 38'' 

Longitude east ... 1 

Height above mean sea level .,, 155 feet. 
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Time signals were sent telegraphically every day from Greenwich Observatory to Kew at 
CI k rate at Kew ^^ a.m., and 1 p.m.. and recorded on a chronograph at both places, 

so that the time of the signal in terms of the standard clock at 
each place could be read oflF. 

The true sidereal time at which the signal was sent out from Greenwich was communicated 
by the Astronomer Royal as soon as the star observations had been reduced, and thus the error of 
the Kew standard clock (Prencl^) was ascertained. 

Comparisons between ''French" and the clocks used for the pendulum observations, viz : — 
Morrison 8702, S. R. 238 and Chronometer Mercer, were made by the method of coincidences 
using the comparing Chronometer Molyneux. These comparisons were made, by Mr. E. G. Cons- 
table, twice a day, soon after the time signals had been received from Greenwich. 

For each night on which pendulum observations were made at Greenwich, the error of 

^, , . . ^ ^„ . , the sidereal standard clock as derived from the star observations. 

Clock rates at Ureenwicn. <»«iii^ia. -rki 

was furnished by the Astronomer Royal. 

S. R. 238 was compared chronographically with the Sidereal Standard several times in 
the 24» hours and its daily rate was deduced from the results. 

The Astronomer Royal kindly lent a very convenient chronograph for this purpose, and 
gave a permanent connection with the S.S. Clock, so that comparisons could be made at any time. 

The following table shows the finally adopted clock rates on sidereal time for each period 
of 24 hours : — 



Table I. 



Station 


From 


To 


Rate in 24 hours ; + 


= gaining ; 


— « losing. 


Morrison 
8702 


Chrono- 
meter 
Mercer 


* 
S.S. 


8. E. 238 


Kew 


2 p.m. June 


22 


2 p.m. June 


'23 


- 0-30 


* 


9 


* 




» 


23 


i> 


24 


- 0-32 










M 


24 


.1 


25 


- 0-25 








Kew 


2 p.m. Octr. 


14 


2 p.m. Octr. 


15 


+ I -06 


+ I-S3 








i> 


15 


» 


16 


+ I'os 


+ i-ii 






Greenwich 


8 p.m. Octr. 


20 


8 p.m. Octr. 


21 




» 


- o'oe 


- 0-86 




>i 


21 


>i 


22 






+ 0'02 


- 0-82 




>} 


22 


i> 


23 






— 0*07 


- 0-89 




>» 


23 


II 


24 






— 0'02 


— 0-87 


Kew 


2 p.m. Octr. 


27 


2 p.m. Octr. 


28 


+ 0*85 






- 4-90 




II 


28 


)i 


29 


+ I'OO 






- 4-8s 




»i 


29 


» 


80 


+ 080 






- 5-00 




II 


30 


II 


31 


+ o-8o 






- 5*25 



^.i?.— between Jane and October the clock Morrison 8702 underwent some alteration*, 
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At Kew the extreme recorded temperatures inside the pendulum cover during a visit 
Temperature conditions. (3 to 5 days) differed by 2°'85 C. 

The extreme range during the observation of a set of pendulums (4 to 5 hours) was 1°*54C; 
and the average 0°'69 C. This change was almost invariably an increase of temperature with the 
progress of the observation, occasionally it was fluctuating in character but usually fafrly regular.- 

Tlie extreme range during the observation of one pendulum (about 1 hour) was 0°'25 C and 
the average 0°07 C, generally, but not invariably, an increase. 

At Greenwich the extreme recorded temperatures during the visit differed by 2°*12 C. The 
extreme range during a set of pendulums was 0°'49 C with an average of 0''*21 C, and the great- 
est range during the observation of one pendulum was 0° 25 C with an average of 0° 06 C. The 
superiority of the temperature conditions at Greenwich over those at Kew was due partly to the 
use of electric light in place of gas, and partly to the fact that the room was larger. 

The results of the observations. 

The results of the observations together with the reductions are exhibited in Table II. 

In the column headed "observer^' the initial B denotes Major S. G. Burrard, R.E., 
C denotes Mr. E. G. Constable and L. C. Major G. l^. Lenox Conyngham, K.E. 

A word of explanation as to the clocks used and the long interval separating the first obser- 
vations at Kew from the remainder is called for. 

In June 1903 when the observers arrived at Kew and wished to begin work, the clock 
(S.R.238) which had been ordered as part of the equipment had not been received from the makers, 
and for the first set of observations at Kew, Morrison 8702 was employed. T\'hilc these observations 
were in progress the missing clock arrived, and when the observers moved to Greenwich they took 
it with them and erected it. 

Two series of observations, one at Greenwich and one at Kew, were made with the aid of 
this clock, between June 29 and July 9, but were found, when reduced, to give very discordant and 
unsatisfactory results. Irregular clock rate seemed to be the source of evil and the clock was, at 
the makers^ request, sent back for examination. 

To reject all the observations made with this clock was the only course open. The Secre- 
tary of State for India was asked to sanction the repetition of the work and in October a new 
series was commenced. On this occasion it was determined, as a precaution, to supplement the 
observations by S.R.238 with separate timings of the pendulums by the clocks of the obser- 
vatories, the use of which was kindly allowed by the Director of the National Physical Labo- 
ratory and the Astronomer Royal respectively. But again when the observers wished to begin, 
S. R. 238 had not arrived. Being unwilling to rely on one clock only they then sought the loan 
of a break circuit chronometer and both Messrs. Mercer & Co. and Messrs. Kulberg & Co. came 
forward in the most generous way. The observations at Kew from October 14th to 16th were 
made with the clock Morrison and the Chronometer Mercer, but as S.R.238 arrived on the 15th 
it was taken to Greenwich and used both there and on the return visit to Kew. 

Early in October Major Burrard had to embark for India, so the observations of the second 
part of the Vork were made by Mr. Constable and Major Lenox Conyngham. 
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Table II. Pendulum Observations at Kew. 



Date 


Time 


>> 

o 


B 

p 

a 


P 

CO 
«f-l 

6 


Coincidence 

Interval in 

Clock seconds 


2 

1 

CO 

§ 


-si 

2 s 


""I 

1 


Time of 

Vibration 

uncorrected 


Corrections on account of 


Time of 
Vibration 
corrected 


3?^ 


1 




<o a 
H 




H 


1903 










9 


/ 







8 












9 


June 22 


Niglit 





137 




37-046 


9 


14-90 


-950 


0-5068407 


4- 18 


- 2 


- 730 


- 564 


- 31 


0-5067098 


If 


>t 


B 


138 




37-795 


7 


15-40 


•948 


•5070830 


18 




7SS 


542 


31 


95 '9 


t> 


i> 


L.O. 


139 




37-556 


8 


15*68 


-947 


•5067465 


18 




768 


574 


3' 


6108 


ti 


II 


L.O. 


140 




37-978 


7 


15-85 


•947 


•5066706 


18 




777 


574 


3' 


534' 


*i 23 


D»y 


L.C. 


137 




37-031 


9 


«5'84 


•943 


0-5068435 


18 




776 


560 


3' 


7084 


II 


»l 


L.O. 


'38 




35 803 


9 


15-37 


•945 


•5070815 


18 


\ 2 


753 


541 


3' 


9506 


)) 


II 





'39 




37-581 


8 


'4*93 


•949 


•5067418 


18 




73* 


575 


3' 


6096 


»» 


II 


B 


140 




38-009 


7 


14-30 


•95' 


•5066652 


18 




r- 


576 


3' 


5361 


Mean Pendulum '5067014 


June 23 


Night 


B 


137 


I 


37 040 


8 


-5-89 


•942 


o' 5068418 


+ '9 


- 2 


- 779 


- 560 


- 31 


0-5067065 


it 


■1 





138 


1 


3S-7S8 


8 


'6*39 


'941 


* 5070848 


'9 




8o.i 


$3^ 




9493 


*l 


■1 


L.C. 


T39 


3 


37'54' 


$ 


16 '39 


'939 


•5067493 


'9 




803 


569 


mt ^ 


6106 


n 


T« 


L.C 


140 


4 


37-969 


7 


*6 34 


-959 


■5066712 


"9 




801 


569 




5J39 


.. 21 


D.y 


L.C 


'37 


4 


37-014 


It 


"6-59 


-936 


0-5068467 


'9 




813 


SS^ 




7083 


n 


tJ 


C 


'38 


3 


35-788 


8 


16 05 


-938 


-5070845 


19 




J86 


537 




9508 


it 


11 


C 


139 


] 


37*549 


8 


i5"84 


-941 


'SO67477 


19 




776 


570 


3i 


6117 


11 


1} 


B 


[40 


1 


37-983 


6 


iS'S^ 


*943 


' 5066699 


'9 




760 


S7i 


y 


5355 


Mein Peodul um '50670 Ofll 


June 24 


Night 


B 


137 


I 


37-014 


11 


16 '49 


•939 


0-5068467 


+ 15 


- 3 


- 808 


- 558 


- 3' 


0-5067082 


»i 


» 





138 


3 


35*775 


10 


16 '39 


•939 


•5070873 






803 


537 


3' 


9515 


It 


II 


L.O. 


139 


3 


37-530 


9 


i6-49 


•941 


•5067510 






808 


570 


31 


6114 


19 


II 


L.O. 


140 


4 


37-963 


8 


16*41 


•94' 


•5066734 






804 


570 




534* 


., 26 


D.y 


L.O. 


137 


4 


37021 


9 


16 '23 


•943 


0*5068456 






79S 


560 




7083 


ft 


♦I 


C 


138 


3 


35-788 


9 


15-82 


•945 


•5070847 






775 


54 « 




95'3 


>l 


II 





139 


2 


37-543 


9 


15*82 


-946 


•5067489 






775 


573 




6123 


II 


II 


B 


140 


I 


37-975 


8 


15-88 


•944 


•5066712 






778 


572 




5344 


Mean Pendulum '5067015 


OeDeralMean -5067012 
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Table IT. Pendulum Observations at Kew. 



o 


i 


S 

O 


1 


■1 

> 
Li 




CaincideDCe 
InterTal 


< 

CO 

i 


1 = 
II 




< 

s 

CD 

P 


Time of Vibra^ 
tion uTicorrtd. 


Corrections on account of 


Time of Vibration corrected 


Clock 

8702 


n 


Clock 
Morri- 

S702 


Chron. 

Mercer 


Clock 
Rate. 





i 
1 

a 


< 
'S3 


£ 

H 


ft 

1^ 


1 

i 




Mean 


1 

a 


OS 


L903 




c 


i37 






* 

37- 01s 


10 


D 

14 is 


-934 


'SO&846I 


*5o6«447 


-^62 


-90 


_3 


-69s 


- 555 


-37 


'5067 110 


9 
•5067067 


5067089 




:S 


L.O. 


138 




35-803 


35 765 


11 


14-71 


-930 


•5070815 


•5070892 


62 


90 




7»« 
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Table II. Pendulum Observationt at Greenwich. 
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Table II. Pendulum Observations at Greenwich. 
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Table II. Pendulum Observations at Kew. 
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Table II. Pendulum Observatiotu at Kew. 
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In Table III the results obtained in Table II are arranged so as to show the behaviour of 
the individual pendulums. 

Table III.— Time of Vibration. 
Kew. {First Viiit). 

Determination A. 
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Morrison 8702 


Pendulum 


187 


188 


189 


140 


June 22 night 
28 day 


9 

0*5067098 

•5067084 


9 

0*5069519 

•5069506 


9 

0*5066108 

•5066096 


a 

o- 506534 I 

•5065361 


Mean 


1 
•5067091 


•5069513 


•506610a 


•506535' 


June 23 night 
„ 24 day 


•5067065 
•5067083 


•5069493 
* 5069508 


•5066106 
'50661 17 


•5065339 
•5065355 


Mean 


•5067074 


* 5069500 


* 50661 1 a 


•5065347 


June 24 night 
„ 25 day 


-5067083 
•5067083 


•5069515 
•5069513 


•5066 114 
•5066123 


•506534a 
-5065344 


Mean 


•5067083 


•5069514 


•50661x8 


-5065343 


Mean of each Pendulum 


•5067083 


•5069509 


•5066111 


•5065347 


GENERAL MEAN 


0*5067012 


DiiFerencei from Mean 


+ 7t 


•f «497 


- 90*1 - 1665 1 
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Kev/. {Second Visit). 
Determination B. 



Determination 0. 



Clock 


Morrison 8702 


Chronometer Mercer 1 


Pendulum 


137 


138 1 


139 


140 


137 


188 


189 


140 


Oct. 14 night 
,. 15 day 


9 
0*5067110 
•5066938 


9 

0*5069460 

•5069481 


9 

0*5066072 

* 5066092 


9 

0-5065315 
•5o6^53<6 


0*5067067 
•5067037 


9 
0*5069509 
•5069483 


9 

0*5066107 

•5066093 


9 

0-5065335 
•5065322 


Mean ... 


•5067024 


•5069471 


•5066082 


•5065315 


•5067052 


•5069496 


•5066100 


•5065329 


Oct. 15 night 
H 16 day 


•5067042 
•5067054 


•5069487 
•5069493 


* 5066063 
•5066066 


•506531* 
•5065305 


•5067071 
•5067058 


•5069453 
•5069472 


•5066106 
•5066089 


•506533* 
•5065335 


Mean ... 


•5067048 


•5069490 


•5066065 


•5065309 


•5067064 


•5069463 


•5066097 


•5065334 


Mean of each Pendulum 


•5067036 


•5069481 


•5066073 


• 50653** 


•5067058 


•5069480 


•5066099 


•5065331 


GENERAL MEAN 


9 

0*5066976 


9 
0*5066992 


Differenoea from Mean 


+ 60 


+ *505 


- 903 


- 1664 


•f 66 


+ 2488 


- 893 


- 1661 1 



Kew {Third Visit). 
Determination D. 



Determination E. 



Clock 


S. R. 238 


Morrison 8702 1 


Pendulum 


137 138 


139 


140 


187 


138 


139 


140 


Oct. 27 night 
» 28 day 


9 
0*5067055 
•5067076 


» 

0-5069473 
•5069475 


9 

0-5066094 

* 5066102 


9 

o- 5065348 

•5065346 


9 

0*5067052 

•5067141 


9 

0*5069473 

•5069481 


B 

0*5066099 

•50661 10 


9 

0-5065340 

•5065344 


Mean ... 


•5067066 


•5069474 


•5066098 


•5065347 


•5067097 


•5069477 


•5066104 


•5065342 


Oct. 28 night 
„ 29 day 


•5067074 
* 5067044 


•5069469 
•5069454 


-5066104 
• 5066064 


•5065330 
• 50653*8 


.5067060 
•5067059 


•5069471 
* 5069450 


•5066085 
•5066096 


'5065329 
•5065328 


Mean ... 


* 5067059 


•5069462 


•5066084 


•50653*4 


• 5067060 


* 5069460 


•5066091 


•50653*8 


Oct. 29 night 
„ 80 day 


•5067079 
•5067057 


•5069497 
•5069488 


•5066115 
•5066108 


•506534* 
•5065325 


•5067069 
•5067064 


•5069471 
'5069480 


•5066112 
* 5066 109 


•5065323 
•50653*3 


Mean ... 


* 5067068 


•5069493 


•5066111 


•5065334 


•5067066 


•5069476 


•5066110 


•50653*3 


Oct. 80 night 

„ 8id»y 


•5067091 
•5067056 


•5069505 
•5069477 


•5066110 
•5066078 


•506535s 
•5065321 


•5067066 
•5067060 


•5069484 
•5069481 


•5066084 
•5066087 


•5065345 
•5065315 


Mean ... 


•5067074 


•5069491 


•5066094 


•5065338 


•5067063 


•50694*3 


•5066085 


•5065330 


Mean of each Pendulum 


•5067067 


•5069480 


* 5066097 


•5065336 


•5067071 


•5069474 


•S066098 


'5065331 


GENERAL MEAN 


9 
0*5066995 


9 
0*5066994 


DifFerencea from Mean 


+ 7* 


+ 2485 — 898 - 1659 


••* 77 


-¥ 2480 


- 896 - 1663 j 



Digitized by 



Google 



ftO 






Table IIL^Time of Vibration. 

Greenwich. 
Determination A. Determination B. 



Clock 




S. B. 238 


Pendulum 


187 


138 


139 


140 


187 


138 


189 


140 


Oct. 20 night 
» 21 day 


9 

3-5067104 

•5067104 


9 

5-5069524 

•5069530 


8 

0^5066 I 46 

•5066143 


0^5065374 
•5065375 


9 

©•5067II3 
•5067112 


8 

0- 5069533 
• 50695 M 


9 

0*5066142 

•5066127 


9 

0-5065388 

•5065376 


Me»n 


•5067104 


•5069527 


•5066145 


•5065374 


•5067113 


•5069523 


•506613s 


•5065382 


Oct. 21 night 
.. 22 day 


•50671 14 
•5067106 


•50695 '9 
•5069553 


•5066143 
•5066144 


•5065398 
•5065368 


•5067101 
•5067104 


•5069502 
•5069548 


•5066142 
•5066127 


•5065367 
•5065378 


Mean 


•5067110 


•5069536 


•5066144 


•5065383 


•5067102 


•5069525 


•5066135 


•5065372 


Oct. 22 night 
„ 28 day 


•5067116 
•5067098 


•5069530 
•5069527 


•5066148 
•5066155 


•506538a 
•5065373 


•5067095 
•5067098 


•5069533 
•5069526 


•5066136 
•5066142 


•5065388 
•5065372 


Mean 


•5067107 


•5069529 


•5066151 


•5065378 


•5067097 


•50695=9 


-5066139 


•5065380 


Oct. 23 night 
» 24 day 


•5067106 
•5067105 


•506953a 
•50695 '3 


•5066144 
•5066150 


5065376 
•5065*94 


-5067109 
•5067085 


•5069525 
•5069497 


•5066139 
•5066126 


•5065370 
•5065366 


Mean 


•5067106 


•5069523 


•5066147 


•506533s 


.5067097 


•50695 1 1 


•5066133 


•5065368 


Mean of each 
Pendulum 


•5067107 


•506952Q 


•5066147 


•5065368 


•5067102 


•5069522 


•5066136 


•5065375 


GENERAL MEAN 


9 

05067038 


9 
0'5067034 


Differences from Mean 


+ 69 


+ M9i 


- 891 


— 1670 


+ 68 


4- 2488 


- 898 


-1659 1 



In the computation of Tables II & III the temperature of the pendulums has been assum- 
ed equal to the mean of the readings of the thermometers. This assumption may be legitimate 
when the temperature of the air is steady, but when the latter is rising or falling the pendu- 
lums will unquestionably lag behind the thermometers in taking up the change^ and consequently 
a further correction depending on the temperature gradient, will be required. 

This correction may be called either the *' lag '' correction, or the " dynamical *' tempera- 
ture correction. 

No experiments have as yet been made to determine the amount of this correction in the 
case of these pendulums, but with an almost identical apparatus belonging to the Prussian Geo- 
detic Institute it was found to be 25* x 10'^ for a rate of change of temperature of V C. per 
hour. 



Digitized by 



Google 



ai 



To obtain a view of the marcli of temperature during each of the sets of observations^ 
and of the consequent lag correction^ Table lY has been drawn np. In the column headed '^ mean 
temperatures '^ are shown^ firstly, the mean of the temperatures of the first two pendulums of a setj 
and, secondly, that of the last two. (It is to be noted that in Table II, whence the temperatures 
are taken, the pendulums *are entered in numerical order; the order of observation in the set is 
shown in the column to the right of the distinguishing numbers: thus 137. 3. means that No. 137 
was observed third). The sign of the correction is easily understood when it is considered that 
with a rising temperature the pendulums are cooler than the thermometer readings would lead 
one to suppose. 

liable IV. Showing change of temperature during an observation of the 
pendulums and the deduced correction on account of the lag of the pendulums on 
the thermometers. 





station 


Date 


Time 


Mean 

Temperature 


Change 


Interral 


Correction 








h 








\ 








Jane 22 night 


iS*a 


iS>5 












• i» 


17-8 


'5-77 


+ 0*62 


t-6 


4. 6-0 






28 day 


3*7 


14*62 












tl 


6-4 


iS'^i 


+ 0-99 


«-7 


+ 9-2 






» » nigbt 


155 


i6'i4 










Eew 


2* d^y 


17-9 
3*5 


1637 
15*68 


+ 0-23 


4*4 


+ 2-4 






II 


6-3 


16-32 


+ 0-64 


• •8 


+ 5-7 






1. II nighfc 


iS'8 


1644 












II 


i8o 


i6-4S 


+ 0-01 


2*2 


+ o-i 






26 day 


3-7 


15-85 












»» 


.5-8 


i6'03 


+ o-i8 


s-i 


+ 2-1 




Mean 


+ 43 








h 


• 





h 








October U night 


2a-5 


i4-3» 












}* 


I'3 


14-84 


+ ©•52 


2*7 


+ 4*8 






16 day 


II'O 


1398 










Eew 


1. .* nigl»t 


13-6 
"•5 


14*38 
1412 


+ 0-40 


t-6 


+ 3-8 






II 


I'2 


i4-2a 


+ O-10 


••7 


+ 0*9 






16 d.y 


iro 


12*58 












M 


>3-7 


i3''4 


+ 0-56 


2-7 


•^ 5*2 




' 




Mean 


+ 3*7 






h 








h, 








October 20 night 


83 '0 


11*61 












11 




+ o'c8 


»-7 


+ 0-7 






21 d«y 




11-68 












II 




11*75 


+ 0-07 


2-6 


+ 0-7 






II ,1 nigl»t 




11*41 












If 




1I-34 . 


—0-07 


25 


-0-7 






22 day 




11*08 










Qreoiiwieh 


II II niglifc 




11*33 

11*10 


+ 0-25 


2*7 


+ 2-3 






11 




1113 


+ 0-03 


30 


+ 0'3 






28 day 




10*52 












It 




10*69 


+ 0-17 


2-7 


+ 1*5 






.1 night 




1069 












If 




IO-5S 


-0-14 


2-7 


-1-3 






24 day 




9'8i 












II 


13*8 


to* 12 


•*-o*3i 


2*5 


■^3'» 


* 




Mean 


+0*8 






October 27 night 


«3*3 


*i'7S 


« 


h 








II 


»•! 


13-67 


+ 0-92 


2-8 


+ 8-2 






28 day 


la-o 


12-91 












i» 


14 5 


«3*3i 


+ 0-40 


2*5 


+ 4-0 






II i» nig^* 


23 -6 


13- i3 












tt 


2'1 


13*48 


+ 0-3S 


2*5 


^yi 






11 29 day 


121 


1264 












If • 


148 


13*27 


+ 0-63 


2'7 


4.5-8 




Eew 


If f» Ti\^\» 


«3-7 


13*42 












11 


«-3 


13*91 


+ 0-49 


2-6 


•^4•7 






ff 80 day 


120 


12*83 












II 


"55 


13*31 


+ 0-48 


ri^ 


+ 3*4 






,1 II n»g^* 


23-8 


12*96 












If 


2*2 


13-26 


+ 0-30 


2*4 


+ 3'i 






II 81 ^1 


12'I 


11-25 












II 


14-6 


"•74 


+ 0-49 


2-5 


\^i\ 


' Mean 


+ 4*7 




The correction has been assumed to be 25« x 


10"' for a change of 1 


^c.p^M^.by^^^J 


\ 
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Applying the mean corrections for lag found in Table lY to the results given in Table III 
we obtain the final valaes of the time of vibration of the mean pendulum at Kew and Greenwich 
respectively^ having 5 values of the former and 2 of the latter. 

In Table V these values and their unweighted means are abstracted. 

Table V. Times of Vibrations and unweighted means. 

Kew. 



I 



Date 


Clock 


Times 

from 

Table III 


^*«. 
Correotion 


Corrected 
Time of 
Vibi-ation 


June 22-26 


M. 8702 


o' 5067012 


+ 4 


9 
05067016 


October 14-16 


M. 8702 
Chronr. Meroer 


•5066976 
•506699a 


+ 4 
+ 4 


•5066980 
•5066996 


October 27-81 


M. 8702 
8. B. 238 


•5066994 
•5066995 


+ 5 

+ 5 


•5066999 
•5067000 


MEAN 


0^5066998 



Greenwich. 



Date 


Clock 


Times 

from 

Table m 


Coriection 


Corrected 
Time of 
Vibration 


October 20-24 


8.8. 
8.R.288 


9 
0-5067038 

.5067034 


+ I 
+ 1 


9 
0-5067039 

•506703s 


MEAN 


05067037 



^ 



As however the results at Kew are discordant it is desirable to weight the indiTidual 
Weights. values before combining them. 

The differences between the indiyidual pendulums and the mean pendulum^ which, on the 
supposition that the pendulums are invariable, should be constant, afford perhaps the best criterion 
of the relative weights of different sets of observations. 

In order to test the invariability of the pendulums the differences from the mean are 
arranged in chronological order in Table Y I ; the mean of results obtained on the same date by 
different clocks has been entered instead of the individual values, as a discrepancy between simul- 
taneous observations cannot be due to an alteration in a pendulum's length. 
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Table VI. Differences between individual pendulums and the mean pendulum^ 

arranged chronologically. 



Plaee 


DaU 


137 


138 


'39 


140 


Kew 


June 22-26 


+ 71 


+ 2497 


-901 


-1665 


ft 


Oct: 14-16 


63 


2497 


898 


1663 


OrMnwioh 


Oct: 20-24 


69 


2490 


89s 


1665 


Eew 


Oct: 27-81 


74 


2483 


897 


1661 



In the case of No. 138 there seems at first sight to be some eTidenceof progressive change^ 
but on examining Table YII in which all the sets of differences are given^ it will be seen that 
simaltaneous observations occasionally disagree bj amounts as large as the variation exhibited by 
No. 138^ and it is therefore as probable that the differences are accidental as that ih&j are due to 
an alteration in the pendulum^s length. 

Table VII. Differences between individual pendulums and the mean pendulum. 



SUtioD 


Deter- 
mination 


137 


188 


189 


140 


Eew 

n 

II 

>f 

Greenwich 

ft 


A 
B 

D 
S 
A 
B 


+ 71 
60 
66 

72 

77 
69 
68 


+ 2497 

2488 
2485 
2480 
2491 
2488 


-901 
903 
893 
898 
896 
891 
898 


-1665 
1664 
1661 
1659 
1663 
1670 
1659 


Means 


69 


2491 897 


1663 



Table- VIII. 


Deduction of weights and formation of general means. 


• 


Pendulum 


Kew 


Greonwioh 1 


A 


U 





D 


£ 


A 


» 1 


T 


TT 


T 


▼▼ 


T 


TV 


T 


▼r 


T 


TV 


T 


TT 


T 


TT 


137 
188 
189 
140 


2 

6 

4 

2 


4 
36 
16 

4 


9 

»4 

6 

I 


81 
.96, 
36 

1 


3 
3 
4 
3 


9 
9 

16 

4 


3 
6 
I 

4 


9 
36 

I 
16 


8 

II 

I 




64 
121 

I 




O 

6 

7 





36 
49 


I 

3 

I 

4 


1 

9 

I 
16 


[VT] 


60 


314 


38 


62 


186 


8S 


27 


Weight 


5 


I 


8 


5 


2 


4 


12 


Time of Vibration 


9 
0*5067016 


9 
0*5066980 


9 
o- 5066996 


9 
0*5067000 


9 
0-5066699 


9 
0*5067039 


9 
0-5067035 


Weighted Means 




0*6067001 


0*5067036 


Difference, Greenwich - Kew 


o'o000035 
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The Accuracy of the Observations. 

The times of vibration of the mean pendulum at Kew and Greenwich respectively, which 
' Behariour of individual pendulums* are deduced in Table YIII, are the final results of the observa- 
tions, but it will be of interest to deduce a result from each pendulum separately. 

In Table IX the observed times of vibration of each pendulum are combined using the 
weights deduced in Table VlII, and the differences between the weighted means at Kew and 
Greenwich are shown. The values of the times of vibration are taken from Tables II & III in 
which the lag correction has not been applied. 

Table IX. Abstract of results by each pendulum and formation ofu^eighted 
means and their differences. 



Station an 


d 


187 


138 


189 


* 140 1 


Determination 


Time of Vibrn. 


Weight 


Time of Vibrn. 


Weight 


Time of Vibrn. 


Weight 


Time of Vibrn. 


Weight 


KCW 


A • 

B 



D 

E 


8 
0*5067083 
036 

071 


5 

I 
8 
5 


9 

0*5069509 

481 

. 480 

480 

474 


5 

I 
8 
5 

3 


9 
0*5066111 

073 
099 
097 
098 




8 

o' 5065347 

31a 
331 
336 

33' 


5 

1 
8 

5 

2 


Mean 


0-5067066 


o'5069486 


0*'5066100 


0*5065335 


GREENWICH 


A 
B 


9 

0*5067107 
10a 


1 
3 


9 

0-5069529 , 
52a 


I 

3 


8 
0*5066147 1 

X36 3 


9 

o* 5065368 
375 


I 
3 


Mean 


0*5067103 


0*5069524 


0%066139 


0*5065373 


Difference 
Lag Correction 


0*0000037 
- 3 


0*0000038 
- .3 


0*0000039 
- 3 


0*0000038 
- 3 




0-0000034 


0*0000035 


o'o000036 


00000035 



An attempt mnst now be made to estimate the accuracy of the corrected time of ribra- 

Probable error of corrected tion of the mean pendulum. For this purpose Table X hai 

time of Vibration. been drawn up shewing the result of each double observation of 

each pendulum, and the sums of the squares of the residuals, thence the probable error of th6 

corrected time of vibratiou of each pendulum and of the mean pendulum is deduced. 

The result of a double observation, that is of one made by night and one by day, with 
an interval of twelve hours between them, should be, to a great extent, free from the systematic 
effects of variation in the rate of the clock, and is therefore more suitable for an investigation 
of accidental errors than the result of a single observation would be. 

The figures for the individual pendulums are taken from Table III and those for the mean 
pendulum from Table II. The lag correction has not been applied. 
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Table X. Deduction of probable error. 



Station & 

Deterini- 

nation 


Date 
1903 


137 


138 


139 


140 


Mean Pendulum 


Mean of 

day and nigrht 

observations 


Mean of 
day and night 
observations 


Mean of Mean of 
day and night dny and night 
observations >servation8 


Mean of 
day and night 
observations 


Kew 
A 


June 22-23 
23-24 
24-25 


* 

0-5067091 
7074 
7083 


6 

0-5069513 
9500 
9514 


8 

05066102 

6lI2 

6118 


0-5065351 
5347 
5343 


0-5067014 
7008 

7015 


Mean & [tv] 


0-5067083 145 


8 

0*5069509 122 


0-506 6111 131 


o''-5065347 32 


0-5067012 29 


B 


Oct. 14-15 
15-16 


s 

0-5067024 
7048 


* 

0-5069471 
9490 


s 

0*5066082 
6065 


8 
0-5065315 
5309 


8 

0-5066973 
6978 


Mean & [vt] 


0^067036 288 


0-5069481 181 


s 
5066073 145 


0*5065312 18 


0-5066976 13 


Kew 



Oct. 1415 
15-16 


* 

o'5o67052 
7064 


8 
0-5069496 
9463 


8 
0-5066100 
6097 


8 
0-5065329 

5334 


0-5066994 
6990 


Mean & [tv] 


0-5067058 72 


0-5069480 545 


05066099 5 


0*5065331 13 


0-5066992 8 


Greenwich 
A 


Oct. 20-21 
21-22 
22-23 
23-24 


* 

0- 5067 104 
7110 
7107 
7106 


8 

0-5069527 

9536 

9529 

9522 


8 
0-5066145 
6144 

6.51 
6147 


8 
0-5065374 
5383 
5378 

5335 


8 
0-5067038 

7043 
7041 
7028 


Mean & [tv] 


o'6067107 19 


0-5069529 102 


0-5066147 29 


8 

0*5065368 1450 


0*5067038 134 


Greenwich 
B 


Oct. 20-21 
21-22 
22-23 
23-24 


8 

0-5067113 
7103 
7097 
7097 


8 

o- 5069523 

9525 
9529 
95II 


8 

0-5066135 

6i.?5 
6139 

6133 


8 

0-5065382 

5372 
5380 
5368 


8 
0*5067038 

7034 
7036 
7027 


Mean & [vv] 


0*5067102 171 


0-5069522 180 


0*5066136 20 


0-5065375 132 


0*5067034 69 


Kew 
D 


Oct. 27-28 
28-29 
29-3) 
30-81 


0-5067066 

7059 
7068 

7074 


8 
0-5069474 
9462 
9493 

949 « 


8 

0-5066098 

6084 

61II 

6094 


8 

0-5065347 
5324 

5334 
5338 


8 

0-5066996 

6982 

7001 

6999 


Mean & [tt] 


s 
0-5067067 115 


0-5069480 650 


5066097 375 


0-5065336 273 


0-5066995 222 


£ew 

E 


Oct. 27-28 
28-29 
29-30 
30-31 


z 

0-5067097 
7060 
7066 
7063 


s 

0-5069477 
9460 
9476 
9483 


8 

0-5066104 

6091 

6110 

6085 


* 

0-5065342 
5328 
5323 
S330 


8 

0-5067005 

\ 6985 

6994 

6990 


Mean & [tt] 


0*5067071 886 


0*5069474 290 


0-5066098 398 


05065331 195 


0*5066994 218 


i[vT] 


1696 


2070 


1 103 


2113 


693 


p.e. of mean of day and 
night obeerTations 


± 6-9 


±77 


± s-^ 


± 7 8 


± 4-4 



Probable error » 0*6745 



\/S 



III 



Wher« n -^ total number of values 
m B number o£ groups 
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Two points are now worthy of attention; the first is that the several values of the time of 
vibration obtained at Kew differ by considerably mote than the probable errors would lead one to 
expect. 

The second point is that the probable error of a result by the mean pendulum is + 4*4, 
whereas if we deduce it from the probable errors of the single pendulums we have 

Iv/ (6-9)2 + {7'7f + (5-6)» + (7-8)» 

= ± 3-6 

The excess of the value 4*4 over 3*6 is due to the fact that all the pendulums are liable 
to some influence which remains constant throughout the set^ but differs from day to day. It 
may be safely surmised that errors in the adopted clock rate are the most potent factor in this 
case. 

To investigate the discrepancies between the several Kew results, Table XI has been formed 
wherein all the observations are treated as one series. 

Table XI. Deduction of probable error of time of vibration of mean 

pendulum at Kew. 



Obseryed • 






time of 


T 


TT 


Tibration 






s 
0-5067014 


>9 


361 


•5067008 


'3 


169 


•506701S 


20 


400 


•5066973 


23 


484 


•5066978 


17 


289 


•5066994 




1 


• 5066990 




25 


•5066996 




I 


•506698a 


13 


169 


•5067001 




36 


•5066999 




16 


•5067005 


le 


100 


•5066985 


10 


100 


•5066994 




I 


•5066990 




as 


©•5066995 


[TT] . 


- 2177 



Probable error of single value =0-6745 A/?iZI =s + 8-4 

^ 14 



8*4 
Probable error of mean = ± -7-= =? ± 



2*2. 



Here the probable error of a value of the time^of vibration of the mean pendulum is 
+ 8*4 instead of + 4*4^ and this difEerence shows that a large proportion of the total error is 
systematic. 
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It is difficult to account for the discrepancies between the several resvKs at Cew. If 
there were discrepancies between the different visits but none between the results of simultaneous 
observations^ one would suspect either the flexure correction or the thermometers^ imagining 
perhaps that the zero errors of the latter were changing ; but the comparisons of the ther- 
mometers with the standards at Kew^ and the severe tests to which the method of determining the 
flexure has been subjected at Potsdam, give us confidence in the corrections applied, and moreover 
errors in these corrections would not account for the difference between the two results obtained 
from simultaneous observations during the second visit to Kew. 

The difference between these two values indicates that the clock rate is the source of 
error, for, whilst the clocks employed were different, all corrections were identical in these two 
cases. It is true that the rates of the clocks depended on the same star observations, on the 
same time signals, and on comparisons made by the same observer, so that a systematic error 
in one of the adopted values can hardly be credited. But there is another point to be considered 
in this connection. 

Any variation in the retardation between the break of circuit in the clock and the action 
of the flash-lever would have the same effect as a change in the clock rate : thus if we suppose 
that this retardation amounted to O^'Ol during the observation of the first series of coincidences,, 
and to 0'*015 during the second series; then, since about 35 minutes separate the two series, we 
should have an apparent losing rate of 0»*005 in 35™, or of 0"*2 per day, which corresponds to 
a correction of 12 x 10"^ in the time of vibration. In the standard clock, Morrison 8702, elec» 
trical contact is made for a very small fraction of each second, and to obtain distinct flashes it 
was necessary to use great care in adjusting the balance between the spring and the electro-magnet 
which control the lever of the flash-box. Under these conditions it is conceivable that small 
changes in the attracting power of the magnet, due to an increase in the residual magnetism of 
the core, or to polarization of the battery, or to change in the resistance of the coils of the magnet 
through change of temperature, or to other such cause, may result in the armature being held a little 
longer or released a little sooner during the second series of observations than during the first. 

The difficulty of adjusting the balance alluded to above was greatest when it was necessary, 
as during the second and third visits, to secure a position in whieh the flash-lever would respond 
to either of the two clocks. 

The low weights of the results obtained by the Morrison Clock when used in conjunction 
with another confirm the idea that on these occasions some additional cause of uncertainty was 
at work. 

Reviewing the results of Tables X and XI we may conclude that the probable error of the 
time of vibration of the mean pendulum, deduced from twa sets of observations separated by an 
interval of 12 hours, will in general be 

not less than +4-^4 nor greater than ± 8*4. 

Tx> deduce the probable error of the mpan of all the sets of observations at Kew and 
Greenwich respectively, we may have recourse to Table VIII where the variotts results and their 
weights are given. 

In Table XII the figures required are repeated. 

Table XII. Deduction of probable error at Kern. 



Station. 


Determination 


Time of 
vibration 


Weight 
P 


T 


PTT 


Kew 


A 
B 

D 


o" 5067016 
* 5066930 
•5066996 
•5067000 
•5066999 


5 

I 
8 

5 

2 


21 


II2S 
441 
200 

5 
8 


Weighted Mean 


0^5067001 


21 




1779 
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Probable error of result of unit weight 

= 0-6745 ^i!I? = ± 14-2 
Probable error of mean result 

+ 14-2 



^/21 



= ± 3-1 



For Greenwich we may assume that the probable error of a result of unit weight is the 
same as at Kbw^ and the sum of the weights being 16 on the same scale we may take the probable 
error of the mean to be 

±^^-^ = +3-6. 



^/l6 

Thus we have finally the following values :— 
Time of vibration of mean pendulum at KEW 

„ at GREENWICH 

difference 



= 0-5067001 ± 31 « 10-^ 
= 0-6067036 ± 3-6 x io-> 
= 00000036 =t 45 ^ i«>-^ 



The final values of g at Kew and Greenwich. 
The value of g at Kew may be assumed to be 

cm 
981-200 * 

Hence^ using the formula t^ g ^ s\ g^ 

or more conveniently^ for small variations of s, 

where Sq and g^ are the values of the time of vibration and the acceleration of gravity at the 
station where both are known^ and s and g those at any other station where s alone is known^ 



we have at Greenwich 



a = 981-200- 1962-4 x ^^±^'^ xlO""^ 
= 981-200 -0-014 ±0-002 

em 
= 98M86 +0-002 



* This raloe has been adopted by Professor Helmert in his "Bericht uber die relatiyen Messnngen der Sohwerkraft 
mifc P«ndel-apparaten" which appears in the report of the Geodetic Conference of 1900 — vide page 324. 
It is based on the preliminary result of the determination of ^ at Potsdam, yiz :— 9S1'274. 
Cf.alio Appendix Ko. 6 to the U.S. Coast and Geodetic Surrej Beport for 1901, page 356. 
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Theoretical values of g. 

It will now be of interest to compare the theoretical values of ff with the results of the 
observations. 

In forming these values it is convenient to divide the process into five steps, each producing 
a correction to the fundamental value of the acceleration due to gravity at a place in latitude 0^, 
at sea level, far from the neiglibourhood of hills or valleys, and where the geological strata have 
a density equal to the mean surface density of the earth. This fundamental value is taken by 
Professor Helmert to be 978 centimetres, and his expression for the value at sea level in latitude ^ is 

978 (1+ 0-005310 sin*^) : this quantity is called yq. 
The corrections to 70 *re :— 

- "r^ 



1. For height above sea level ».. ... ... — ToiJ" 



2. For the mass between sea level and the station ... ... + 7o*~4" "TT 

8. A geological correction to allow for the actual 

density of the subjacent rock ... ... ... — 70* "s — » • "~a — 

4. A correction taking account of the actual conformation of the surrounding country, 
which in the above expressions has been assumed to be an extensive plain : this is called the 
orographical correction. It is inappreciable both at Kew and Greenwich. 

In the above, h = height of station above sea level 

h' = thickness of surface strata of low density 

jR =: mean radius of the earth = 21,000,000 feet. 

A= mean density of the earth = 5*6 

S = mean surface density =s 2*8 

£= actual density of subjacent strata. 

An examination of Mr. Strahan's interesting analysis of the geology of the strata under- 
lying the observatories, reveals that under Kew there are 1140 feet of rock of average specific 
gravity 2*06 — including 150 feet of London Clay — and 97 feet of Limestcme, or in all 1237 feet 
of strata before the Palseozoic floor is reached. 

At Greenwich the London Clay and Limestone are absent, and the estimated depth of the 
Palseozoic floor is 933 feet. 

Therefore correction 8 becomes 

For Kew '^' ' ^ ' 7~^ ' '^^^TT^ = - 0%11 

2 21,000,000 s'o 

For Greenwich -981 . -1 . '*^^ . ''^~'''^ = -0-009 

1 21,000,000 5*0 

/ 

For convenience the latitudes and heights of the stations of observation are here repeated. 

Latitude Height 

Kew, 51^ 28' 6" 28 feet 

Greenwich 51 28 88 155 .. 
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Table XIII. Values of the corrections and of the reciting values of g after 
the application of each. 



Corrections 


Eew 


Greenwich 


Difference in g 
Kew- Greenwich 


Amount of 
eorreotion 


Value of 
9 


Amount of 
correction 


Value of 
9 


Latitado 

Height 

Mem 

Oeologioal 
Orograpbioal 


em 
+ 3178 

— o'ooa 

+ O'OOI 

— o-oii 




em 
981*178 

•176 

•177 

•166 

•166 


cm 
+ 3- 179 

— 0*015 
•¥ o'oo6 

- 0*009 




em 
981 "79 

•164 

•170 

•161 

•161 


- O'OOI 
+ O'Olt 

+ 0*007 
+ 0*005 
+ 0*005 



Thus the final theoretical values of ^ are : 



atKew 


981*166 


„ Greenwich 


981*161 


whereas the observed values are : — 




atKew 


981-200 


,, Greenwich 


98M86 



The observed values are thus, in both cases^ slightly in excess of the calculated values, 
and the observed difference between tliem is greater than the calculated difference. 

The difference in the values of g at Eew and Greenwich has been determined several times : 
the various results obtained are here collected. 

Table XIV. Difference between g at Kew and g at Oreenwich. 



Date 


Obeeirere 


Method 


Eew — Greenwich 


1831 
1873 


Sabine, 
HeaTiside 


Bj determinations of length of eecooda pendulums 


em 
•f 0*069 


1881 


Herechel 


Kater's inrariable pendulums 19 os. 4 and 6 


cm 
+ 0*08& 


1888 


Constable, 
Hollie 


Kater's inyariablo pendulums Nos. 4, 6 and 11 


em 
•f 0*028 


1900 


Putnam 


Three half-seconds pendulums 


em 

+ 0*012 


1908 


Burrard, Constable, 
Lenox Conjngham 


Four half-seconds pendulums 


em 
+ 0014 



It is satisfactory to note that the results obtained with the modern form of apparatus agree 
well with each other and do not greatly differ from the value which theory demands. 

This encourages the hope that the many uncertainties which have hitherto surrounded 
pendulum observations have been to a large extent eliminated^ and that henceforward the pendulum 
may prove as satisfactory iji practice as it has always been attractive in theory. 
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APPENDIX TO CHAPTER I. 

On the Geology of the Strata underlying Kewand Greenwich Observatories, and on the specific 
gravities of the rocks of which the Strata are composed 

BT 

A. STRAHAN, F.R.S- 



Kew Observatory stands on the right bank of the Thames^ on a terrace of gravel which 
averages 21 feet in height above Ordnance Datum. 

A well and borehole were sunk close to the same bank of the Thames at a point 160 yards 
below Richmond Bridge and 33 yards from high-water mark. The well is three quarters of a 
mile distant from the Observatory in a direction S. 22^ E.^ aud its top is 17 feet above Ordnance 
Datum. The Tertiary strata are nearly horizontal, as is proved by the fact that the top of the 
Chalk lies at nearly the same level in the well mentioned^ in another at the old Richmond water- 
works^ and in a third at the Star and Garter Hotel. The section proved^ therefore, is likely to 
correspond closely with that which underlies the Observatory. The following account is taken 
from a paper by Professor Judd* and from the Geology of London (Memoirs of the Geological 
Survey) by Mr. W. Whitaker. Prominence however has been given to the lithological characters 
of the strata in preference to the geological grouping. 

Richmond Well and Borehole. 



Made ground 
London Clay 

!Ciay 
Sand and Sandstone 
Clay 
Thanet Sand 
Chalk with flints 
Chalk with no flints ... 
Marly Chalk 

Sandstone (Upper Greensand) 
Gault Clay, sandy and conglomeratic at base ... 
Limestone (Neocomian and Great Oolite Series) 
Sandstone and indurated Marl alternating 
Sandstone 



Thickness 


DeptH 


feet 


feet 


. 10 


10 


. 160 


170 


44 


214 


. 12 


226 


34 


2294 


22i 


252 


. 300 


652 


. ]50 


702 


. 220 


922 


16 


938 


, 201 i 


11394 


97i 


1287 


, 117 


1354 


90i 


14444 



* Quartirfy Joumal^ Qtologieal Soeiiiy, Volume XL, page 724 (1884) and Volume 2X1, ptge 624 (1886). 
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In the Limestone, at 1203 and 1210 feet depth, water was struck which rose to 46 feet from 
the surface^ and lower down springs were met with a head of water sufficient for a rise of 126 feet 
above the surface. 

The temperature at the bottom was 76i° Fahr., the average increase being 1® for 64*09 feet 
of descent. 

The strata below the depth of 1237 feet were described in the works referred to as being 
of doubtful apje, and were temporarily called "Poikilitic^', but an opinion prevailed among those 
who took part in the discussion that they belonged to the Old Red Sandstone. This view is 
supported by their character, by the fact that they dip at an angle of about 30°, whereas the 
Secondary rocks above them are nearly horizontal, and by their corresponding in depth to the 
position of the Palaeozoic floor as proved in other borings in the south-east of England (see Map, 
Figure 1). The arguments against their being of Old Red Sandstone age are given in full by 
Professor Judd in the papers alluded to. 

The Kew section, as estimated on the data given above, will be found drawn to scale in 
Figure 2. 



Greenwich Observatory is situated at a height of 155 feet above Ordnance Datum on the 
margin of a tract of Oldhaven Beds. These strata form a gently undulating plateau, rising at a 
gentle angle northwards. Tliey terminate in that direction in a bold scarp, on a projecting 
shoulder of which the Observatory stands. In the steep slopes which lie east and north of the 
building the Woolwich and Reading Beds, the Thanet Sand and the Chalk crop out from beneath 
the Oldhaven Beds. 

A well in the garden of the Observatory is said to have reached the top of the Chalk at 75 
feet depth.* The top of the well is about 10 feet below the site of the Observatory, or about 145 
feet above Ordnance Datum. The top of the Chalk must therefore lie at a depth of about 85 feet 
below the Observatory. 

The nature of the strata composing these 85 feet can be inferred from other wells in the 
neighbourhood. 

A well at Greenwich Hospital, 770 yards to the north-west of the Observatory yields the 
following details : — * 



Made ground 

Gravel, in part Blackheath (or Oldhaven) Beds 

I Black sand 
Blue clay 
Shelly rock ... • 

Red clav 
White sand (water) 
Green sand and pebbles 
Thanet sand (water) ... 
Bed of flints 

The strata vary in detail, but the occurrence of pebble-beds in the Oldhaven and Woolwich 
Beds, and of bands of clay in the latter is a fairly constant feature. In default of more precise 
information the lower 85 feet of this section may be taken to represent the strata which rest 
upon the Chalk under the Observatory. 

The thickness of the Chalk must be estimated from more distant sources. 

* Qeology of London, Volume 11, page 78. « 



Thickness 


Depth from 




surface 


ft in. 


ft. in. 


11 


U 


33 


44 


4 10 


48 10 


8 


49 6 


4 


53 ,6 


6 


69 6 


4 


63 6 


4 


67 6 


65 10 


123 4 


1 


124 4 
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At Mile End a well was sunk for the Albion Brewery at 172 Whitechapel Road * It 
reached the top of the Chalk at a depth of 201 feet^ and its bottom at 855 feet^ proving its 
thickness to be 654 feet. The Chalk contained flints and layers of flint in the upper 259 feet. The 
remainder was hard and flintless, becoming marly towards the bottom. This well is situated Si 
miles from the Observatory in a direction N. 39^ W. 

A well at Meux Breweryt at the junction of Tottenham Court Road and New Oxford 
Street is situated GJ miles from the Observatory in a direction W. 26° N. Here the top of the 
Chalk was reached at a depth of 157^ feet and the bottom at 812 feet^ giving a total thickness of 
6544 feet. Flints occurred in the upper 347 feet, and for 32 feet upwards from its base the Chalk 
was described as a chalk marl or a light-blue clay. 

A well near Streatham Common StationJ is situated 7i miles from the Observatory in a 
direction W. 36° S. The top of the Chalk was reached at a depth of 2414 feet and its bottom at 
864^ feet^ indicating a thickness of 623 feet. The upper 220 feet are described as containing 
flints and being very hard, and the lower 20 or 30 feet as being marly and clayey. 

A well at Crossness§, situated 7| miles from the Observatory in a direction E. 3° N., 
proved the top of the Chalk at,a depth of 143i feet and the bottom at 802 feet, giving a thickness 
of 658i feet. Flints were more or less plentiful in the upper 447 feet and the lower 32 feet were 
grey marl. 

On comparing these data we find that the thickness of the Chalk under the Observatory, 
as judged by the Crossness and Mile End wells, is likely to be between 654 and 658 feet, but that 
the Streatham Common Well indicates a southerly attenuation. As the Observatory lies south 
of a line drawn from Crossness to Mile End, this attenuation must be taken into account, and 
the thickness under the Observatory may be estimated at 640 feet. The Upper Greensand lies 
next below the Chalk. lu one of the borings at Crossness its thickness is given as 65 feet, but 
there is no doubt that this includes some chalk marl, as suggested by Prestwich.|| At Mile End 
it was penetrated to a depth of 20 feet, and at Meux Brewery and at Streatham it was proved to 
he 28 and 28 ^ feet thick respectively. It may be assumed to be 28 feet thick under the 
Observatory. 

The Gault was 175 feet thick at Crossness, 160 feet at Meux Brewery and 188^ feet 
at Streatham Common. It is likely to be 180 feet thick under the Observatory. 

Below the Gault there may be some Jurassic strata. At Meux Brewery 64 feet of lime- 
«tone belonging to the Great Oolite Series were penetrated, and at Streatham Common 38^ feet 
of limestone and clay believed to belong to the Forest Marble. It has already been noted that 
there were 97^ feet of limestone below the Gault at Richmond, part of which however were 
thought to be of Neocomian age. On the other hand at Crossness the Gault has been proved to 
lie directly upon Palaeozoic rocks II . These facts indicate a westward thickening of the Jurassic 
'Strata. They come in again eastwards o£ Crossness also as proved at Chatham but whether they 
exist under Greenwich is doubtful. On the whole it will probably be safer to assume their absence. 

The depth at which the Palaeozoic rocks are likely to occur beneath Greenwich Observatory 
remains to be considered. At Crossness rocks described as rock-shale and very hard grey quart- 
aose sandstones were reached at 1002 feet below Ordnance Datum. They were assigned by 
ftrestwich to the Old Red Sandstone or Devonian, but were thought by Mr. Whi taker to be more 
probably Triassic^. At Meux Brewery red and green shales with thin quartzites, all assigned to 
the Upper Devonian, were reached at 979 feet below Ordnance Datum. At Streatham Common 
red, grey and greenish sandstones were reached at 1010 feet below that datum. At Richmond 
alternations of sandstone and indurated marl were reached at 1 220 feet below that datmn. The 
red and greedish sandstones reached at Streatham were left by Mr. Whitaker as " of doubtf id 
'«ge^', bat they correspond in character to parts of the Old Red Sandstone of South Wales. This 

* J. Barrow. Proe. S. Wales Inst. Eng. Volume XI, ptige 326 and Otology of London^ Volume II page 135 (i8^8) 
This and the other deep wells referred to are shewn in Figure I. 

t Frestwich and Moore, QuaHerty Journal Geologioal Soeiefy^ Volume XXIV, page 902 and ^wlog^f of Londom 
Volume II, pa^e 165, (1889). 

J Qeology of London, Volume II, page 224. (1889). 

I Geology of London, Volume II, page 66. This is not the deep boring referred to later Oiu 

Quarterly Journal, Geological Society, Volume XXXIV, page 913 (1878). 

Qwlogy of Jtondon, Volume II, p^ige 68. 
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Depth 


feet 


feet 


13 


13 


11 


24 


61 


85 


310 


395 


800 


695 


80 


725 


28 


753 


180 


933 
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similarity taken in connection with the fact that they dipped at about 30^ and occurred at about 
the depth at which the Palaeozoic floor might be expected, seems to justify their being assigned to 
the Old Bed Sandstone. For the same reasons the red rocks proved at Richmond are more pro- 
bably of Devonian than of Triassic age. 

If the Palaeozoic floor were a plane its depth under Greenwich could be calculated precisely 
from these data, but it is known to undulate, though it rises on the whole with a remarkably even 
and gentle gradient towards the north or north-east under London. Judged by the Menx and 
Streatham sections it would be about 990 feet below Ordnance Datum, but on adding up the 
thicknesses assigned above to the Tertiary and Secondary strata we get a depth of only 930 feet. 
The latter is probably the more reliable estimate, and the complete sequence of the strata under- 
lying Greenwich Observatory will therefore be as follows (see also Figure 2) : — 



Lower London C Sand and pebbles 
Tertiary Beds -^ Blue and red clay 
85 feet (^ Sand, with a layer of flints at the bottom . . . 

f Chalk with flints 
Caialk 640 feet < Chalk without flints ... 

(^ Chalk marl 
Upper Greensand Sand 
Gault Clay 

Palaeozoic Bocks^ assumed to be red^ grey and greenish sandstone as at Streatham Common. 

The Observatory being 155 feet above Ordnance Datum the Palaeozoic floor will be only 
778 feet below that datum. The highest points in that floor yet proved in the London district 
are Kentish Town, Turnford and Ware, where it lay 939, 8704 and 686i feet respectively below 
Ordnance Datum. Its calculated height under Greenwich was therefore somewhat unexpected. 

Its height is accounted for by an anticline and fault which trend in a direction E. 30^ N. 
on the north-west side of the Observatory. The existence of the anticline is proved by the depths 
at which the top of the Chalk has been reached in various borings. Near Blackheath the Chalk 
was touched at about Ordnance Datum^ but in the Observatory well at 70 feet above that datum, 
the rise therefore being 70 feet in about half a mile, or about 1 in 38, towards the north-west. 
Again at the Hospital the top of the Chalk lies 98 feet below Ordnance Datum and at the Atlas 
Works in West Ferry Road,* on the opposite side of the river, at 84 feet below the datum, proving 
that the rise north-westwards continues thus far, as shewn in Figure 3. But a little further north 
its depth increases to 100 and 200 feet below the datum. 

The fault is believed to run about 300 yards north-west of the Observatory. It is referred 
to by Mr. Whitaker as the most important fault (or system of faulting) in the London Basin. 
It was seen in two railway-cuttings south of Deptfordt, and is fixed approximately in position by 
a well in East Street, Greenwich, where the top of the Chalk lies 134 feet below Ordnance Datum, 
and 204 feet below its level under the Observatory. Beyond this it is believed by Mr. Whitaker 
to curve southwards by Woolwich and to merge into the slight roll that aflEects the junction of 
the Tertiaiy Beds and the Chalk on the north side of the Thames near Purfleet and Stifford. The 
throw of the fault at Greenwich must be 204 feet plus an allowance for the dip, or about 230 feet 
in all. 

There can be no doubt therefore that the Palaeozoic floor has been raised locally under 
Greenwich by post-Tertiary earth-movements, though that there was pre-Cretaceous elevation 
also of part of the district is proved by the fact that the Gault rests directly upon that floor at 
Crossness. The following table gives the depths at which the floor has been reached in various 
parts of the south-east of England. 

* SoTM Middlesex WeU^sedumt, Trans: Brit: Auoei Water'Works Enff,^ Yolume IL 1897. 
t tf «a%^ of London, Yolume I. page 485. 1889. 
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jjeptns to tne jfaimoi 


ZOIC jioor m tne east 


ana sc 


mtn t 


ij Mngic 


ma. (8»$ Figmrt 1.) 




Depth from snrfaoe 
feet 




Depth below Ordnance Datom. 

fAAf. 


Harwicli 


1025i 


... 


... 


a • • 


1015 


Stutton 


994 


*•• 


• • • 


... 


974 


Weeley 


10941 


..• 


• •• 


... 


1040* 


Ware 


796i 


.•• 


• • • 


... 


6861 


Turnford 


980i 


• • . 


• •• 


. * • 


870i 


Loughton 


(not reached at ] 


1096) 


• • ■ 


... 


. . . 


Kentish Town 


ins 


... 


*.. 


• • • 


939 


Meux Brewery 


1064 


• . • 


• •• 


... 


978i 


Streatham 


1120 


• • • 


• • • 


... 


1010 


Bichmond 


1237 


. . • 


• • • 


• •• 


1220 


Crossness 


1008 


• • • 


• a . 


• . • 


1001 i 


Brabourne 


1905 


• ■ • 


... 


• • • 


.«• 


Bopersole 


1581 


• • • 


• • • 


... 


1181 


Ellinge 


1686 


. .• 


• • « 


... 


1280 (about) 


Dover No. 2 Shaft 


1157 


• < • 


... 


... 


1103 



To the west of London a boring at Winkfield near Windsor failed to reach Palaeozoic rocks 
at 1243 feet (1025 feet below Ordnance Datum). 

To the south-west a boring at Brookwood ended in Chalk at 884 feet; others at Southamp- 
ton, Portsmouth and Goodwood left off in Chalk at 1313, 1037 an4 1012 feet respectively. 

To the south and south-east a boring at Penshurst was in Kimeridge Clay at 1864 feet and 
one at Warren Farm, the Industrial School east of Brighton, was in Lower Greensand at 1285 
feet. The Sub-Wealden boring at Battle left off in Oxford Clay at 1905 feet. 

To the east-south-east the Pluckley boring was abandoned in Kimeridge Clay at 1698 feet, 
but the Brabourne boring reached Palaeozoic rocks at 1905 feet. Further east the Bopersole and 
Ellinge borings have reached Coal Measures at depths of 1581 and 1686 feet (1181 and 1280 feet 
below Ordnance Datum) respectively, while the Dover Shaft, No. 2, has entered them at a depth of 
1157 feet or 1103 below Ordnance Datum. 

At Calais the Palaeozoic floor was reached at 1102 feet. 

To the east of London a boring at Chatham ended in Oxford Clay at 965 feet and another 
at Sheemess ended in Chalk at 805 feet. 

From these data it is possible to contour parts of the Palaeozoic floor. For example a coo- 
tour-line drawn at 1000 feet below Ordnance Datum runs between Ware and Winkfield, and must 
trend generally north-westwards between Northampton and Rugby. In the opposite direction it 
passes between Kentish Town and Bichmond, runs close to Streatham and through Ciossness, but 
keeps clear of Chatham where one boring ended in Lower Greensand at 1035 feet, while ano* 
ther ended in Oxford Clay at 947 feet below Ordnance Datum, probably not far above the Palaeo- 
zoic rocks. The Dover Shaft, No. 2, entered the Coal Measures at 1 103 feet below Ordnance 
Datum, nor have the older rocks been found to the south-east of Crossness within 1000 feet of 
Ordnance Datum. The contour-line must therefore double back to the north-west passing between 
Loughton and the other neighbouring borings. Thence its position is hypothetical as far as Har- 
wich, where it is determined by the Harwich, Weeley and Stutton borings. Further north it pro- 
bably passes near Coombs, where a boring ended in Gault at 895 feet, and certainly keeps to the 
east of Culford where a boring reached Palaeozoic rocks at 637 feet (527 feet below Ordnance 
Datum). 

Nothing is known of the Palaeozoic rocks of the broad tract between Culford, Harwich 
Crossness and Ware. The Loughton boring, which failed to reach them at 1096 feet, shews that 
it would not be safe to assume that they lie within 1000 feet of Ordnance Datum over the whole 
of the tract, but for the purposes of the present enquiry this is immaterial. 

* I have been unable to ascertain tlie height of the site of the boring abore Ordnance Datum* Tlii» fignm^ ii oal^ 
enlated on the auumption that the height ii between 60 and 60 feet. 
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As regards tbe structure of the Palseosoic floor it is known only that Silurian rocks were 
reached at Ware and Devoniai^at Meux Brewery, in Tottenham Court Road. Old Red Sandstone 
was recognised at Crossness, and occurred probably at Kentish Town, Richmond and Streatham also. 
The relative positions of these rocks suggest a southerly dip, and some experiments at Tumford 
and Ware indicated a dip of 25° in a direction S. 25° W. and a dip of 41® in a direction S, 1*^ W., 
at the two places respectively^. At Richmond and elsewh^e the dip ijvas about 30°; but at Sra- 
bourne much higher, a fact which suggests that the nearly horizontal Coal Measures proved at 
Dover and Ropersole are terminated westwards by a fault, not improbably the continuation of 
one of the great lines of disturbance proved in the Pas de Calais Coal Field. 

It will be seen therefore that there is a gentle eminence in the Palaeozoic floor, running in 
a north-west, or west-north-west direction under London, and extending, but with diminished 
height, towards Dover in the opposite direction. Towards the south-west the slope as reckoned 
between Ware and Richmond falls at the riate of about 1 in 257, but the floor undulates and 
between Kentish Town and Richmond the gradient amounts to about 1 in 141. Kew Observatory 
stands over this steeper part of the slope. Under Greenwich the floor appears to be gently arched 
up and faulted as described, the Observatory being situated on the southern side of the crest of 
the arch. 

The principal differences therefore between the stratigraphical columns beneath the two 
Observatories may be summed up as follows : — 

Under Kew Observatory there are 150 feet of London Clay near the surface and 97i feet 
o? Limestone at a depth, both of which are absent at Greenwich. 

Under Kew the Palaeozoic floor lies at a depth of 1237 feet below the surface as compared 
irith 933 feet at Greenwich. 

Lastly Greenwich Observatory stands on the southern limb of a gentle post-Tertiary 
anticline. 

Speoiflc Qravitiea. 

The following specimens were collected for the purpose of ascertaining the specific gravi- 
ties of the various rocks underlying Kew and Greenwich : — 

1. London Clay from a depth of 60 to 70 feet under St. George's Circus, Blackfriars Road* 

2. Do. do. 60 feet under Hyde Park Comer. 
8. Do. do. 86 fedt under Jermyn Street. 

4. Woolwich and Reading Beds (Clay) ; Crondall Pottery, Surrey. 

5. Thanet'Sand; Charlton. 

6. Upper Chalk ; Charlton. t 

7. Flint; Charlton. 

8. Chalk Marl from a depth of 450 feet; Chatham Waterworks. 

9. Upper Greensand from a depth of 823 feet ; Richmond Boring. 

10. Upper Greensand ; Merstham. 

11. Gault from a depth of 990 feet; Meux Brewery, Tottenham Court Road. 

12. Great Oolite (limestone) from a depth of 1001 to 1065 feet; Richmond Boring. 

13. Old Red Sandstone frotn a depth of 1411 feet; Richmond Boring. 

14. Do. (marl) 1180 feet; Streatham Boring. 

15. Do. do. 1204 feet; do 

The determinations were made in the laboratory at Jermyn Street by Dr. W. Pollard, from 
whose report I have drawn up the following account :— 

The specimens were roughly crashed so as to pass through a sieve of 8 holes to the inch. 
Moisture given off at 105^ C. was determined. The specific gravity of the samples before dryirg^ 
Was determined in pyknometers, and that of the dried rock calculated. 

To ascertain the amount of water the dried specimens were capable of absorbing, glass 
tubes open at one end, and with a piece of linen tied over the other, were used. The weight of 
the tubes after moistening the linen and allowing to drain thoroughly was determined. The tubes 

* J. FnuMlis JB#por^ Brtt^i Auoci 1806, page ML 
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were then filled with the respective specimens, weighed, and placed in distilled water for 24 hours, 
so as to allow the water to soak upwards into them. When they were thoroughly soaked any ex* 
cess of water was allowed to drain off in an atmosphere saturated with moisture. They were then 
weighed at weekly intervals. After seven weeks some had become constant, but others continued 
to lose moisture after 10 weeks, when the experiment was discontinued. The results obtained are 
•hewn in the following table : — • 





Sp 


.cifio (pvTitiei 


1 part 


f water 


by weight 


Days aftw 


Ko. of apecimeiu 


1 


u calculated 


MUinetJ 


I in parts of each 


oomniencement 




for the dried rock 




specimen 


of experiment 


1 


• • • 


2-76 


. ... 1-77* 


and 


1-66* ... 


49 


2 


... 


2-76 


. ... 1-75* 


... 


1-69 ... 


49 


8 


• • • 


2-77 


. ... 2-05 


* • • 


201* ... 


49 


4 


... 


2-88 


. ... 2-32 


••• 


2-40 ... 


Tt 


6 


... 


2-66 


. ... 4-37 


. • • 


4-42 ... 


76 


6 


... 


2-72 


. ... 2-99 


... 


8-08 ... 


76 


7 


... 


2-60 










8 


... 


2-77 


. ... 2-84 


... 


3-02 ... 


76 


9 


... 


2-73 


... 410 


... 


4-34* ... 


75 


10 


.. • 


2-54 


. ... 2-52 


... 


2-83* ... 


75 


11 


... 


2-76 


. ... 2-19 


... 


2-31 ... 


73 


12 




2-73 


. ... 10-95* 


• .. 


10-82* ... 


... 63 and 73 


13 


... 


2(55 


. ... 144 


... 


166 




14 




2-74 


■ . . • 


24-76 






15 


> • • 


2-76 




128 







Dr. Pollard further notes, as sources of error, that the tubes were not packed undei^ 
the conditions of pressure &c., which obtain at a depth, and that changes of temperature in the 
laboratory probably account for some irregularities observed in the draining off of the water. 

No. 7 (Flint) was considered to be non-absorbent. The specific gravities of Nos. 13, 14 
and 15 (Old Red Sandstone and Marl) were determined by suspending them in water allowing 
them to drain for a few hours in a moist atmosphere, then weighing, drying at 105^ C. and 
weighing again. 

It being evident that no confidence could be placed in the determination of the water- 
capacity of some of the specimens, it was decided to make further experiments on specimens in 
as nearly as possible the condition as to moisture in which they occurred in nature. For this 
purpose the following rocks were freshly dug, enclosed at once in tin boxes and brought to the 
laboratory : — 

1. London Clay from a depth of 60 feet ; Dover Street, Piccadilly. 

2. Upper Chalk ; Strood, Kent. 

8. Middle Chalk ; Blue Bell Hill Upper Pit, Burham, Kent. 

4. Lower Chalk ; Merstham, Surrey. 

B. Chalk Marl; Blue Bell Hill Lower Pit, Burham, Kent, 

6. Grault; Burham Brick Pit, Kent. 

The specific gravity of each specimen in the condition in which it reached the laboratory 
was determined in various oils. The result was satisfactory for the Clays^ but not for the Chalk* 
from which the air could not be removed. In every case a determination was made also by 
pyknometer. 

* Iliis weighing varied bj 0*1 gram or lesa from the preyious weighing and ii regarded aa practically oonitanl. 
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No. of 
■peeimen 


8p. Or. in oil 


8p. 


Gr. in wtter 


1 


3-054* 




2 050 


3 


2-026 




3 072 


8 


2-3951 




2-405 


4 


2-048 




2-062 


5 


2 -0961 




2-108 


6 


1-995 




1-995 



8p. Or. of 
dried specimen 


8p. Or. oftlenlaMl 


from that of tho 


in pyknometer 


moiit specimen 


2-746 


2-760 


2-673 


2-729 


2-694 


2-701 


3-702 


2-703 


2-700 


2-701 


2-718 


2-719 



Percentage 

of water bj 

weight 

19-66 
18-33 
7-29 
18-27 
16-54. 
21-12 

It will be seen that the specific gravities of all the specimens except the Clays are lower as 
determined in oil than in water, which points to the air not having been entirely eliminated. 

The calculated specific gravity is also in every case slightly higher than that directly deter- 
mined on the dried sample in the pyknometer. This is probably due to the dried powder having 
absorbed moisture on the balance. 

With respect lo specimen 3 the moisture percentage is probably much too low and the 
other results unreliable. This may be due to the specimen having lost water in the quarry, though 
it was got in as nearly a natural condition as possible. Two lumps were therefore suspended and 
boiled in water for two or three hours, and when cold weighed in water. They were then allowed' 
to drain for 15 minutes, weighed, drained for another 15 minutes, reweighed and finally dried at 
105*^ C. From these data the specific gravity was found to be 

Wet Samples 2016 and 2072 
Dry Samples 2-511 and 2558 

Water percentage (by weight) in wet sample 16*14 and 15-04. 

The specific gravities thus determined are 0190 and 0-143 respectively lower than the cal- 
culated specific gravity. The difi'erence is probably due to incomplete drying and to some air 
being still contained. The percentage of water, however, is probably nearer that which exists in 
the Chalk under the Observatories than the percentage given in the table. 

In summing up these results, we must bear in mind that there are several discrepancies 
which point to the advisability of further experiments, and that an absolutely true result could be 
obtained only by experimenting on the rocks in the conditions of moisture and pressure in which 
they occur in nature. The results, so far as the experiments have gone, are embodied in the 
following table : — 



London Clay 

Upper Chalk 
§Chalk.flint 

Lower Chalk 

Chalk Marl 

Gault 

II Great Oolite limestone 
iJOld Bed Sandstone 
II Do. (marl) 
II Do. 



Specific graTity 


Pareentkfte of mtei 


in natural condition 


by weight 


3-050 


19-66 


3-072 


18-83 


2-600 




2-062 


'.'. 18-27 


2-108 


16-54 


1-995 


21-12 


2-383 


8-42 


3-622 


0-65 


2-567 


8-88 


2-723 


0-77 



* A speoimen dried at 105^ G. gave a Bpecifie grayilj of 2 '739 in the oiL 

t After being in racuo aU night: aU the fignret relating to Ho, 8 in the table are probably unreliable* 

X After being in Tacuo for 48 hours. 

§ Flint-layers may be estimated to constitute about H per cent of the Upper Chalk. 

II The figures calculated from the table on page 87. 
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CHAPTER II. 
The Observations in 1904. 

[January to June]. 



On the arrival of the pendulum apparatus in India in January 1904 a set of observations was 
made in Dehra Diin in the same room as had been used by Captain Basevi in 1870 and 1871. The 
primary object of these observations was to determine the difEerence between the value of ^ at 
I)ehra Diin and its value at Kew. A secondary object was to establish a connection between the 
new series of observations and those made between 1865 and 1870 by Captains Basevi and 
Heaviside. In order to strengthen this connection it was decided that during the first tour four 
more of Basevi's stations should be visited^ namely Calcutta^ Madras^ Bombay and MussooreCj 
and that the circuit should be completed by a second visit to Dehra Diin. 

The building in which Basevi observed in Mussooree has changed hands^ and though per- 
mission to observe there on this occasion was obtained^ it seemed unlikely that it would be again 
available^ and a second station in Mussooree was therefore selected in case of its proving desirable 
at any future time to make another set of observations which should be comparable with those of 
the present series. 

Dehra Dun. 

Latitude ... ... 80® 19' 29*" 

Longitude ... ... 78 8 15 

Height above mean sea level ... 2239 feet 

The apparatus was set up in the room known as the Transit room. It was in this room 
that Basevi oWrved and the new pendulum station is almost identical with the old one. 

A small pedestal of brick in cement was built to receive the pendulum stand. Its dimen- 
sions were 2 feet 3 inches square at bottom^ 1 foot 6 inches square at top^ and 1 foot 8 inches high. 

Similar pedestals were built at all the stations visited during this season. The granite 
slab was cemented to this pedestal^ and the pendulum stand was screwed tightly to the slab. 

The clock S.B. 238^ was set up on an iron tripod stand which had been made in Dehra 
Dun. The tripod has three levelling screws which can be firmly clamped. 

The time observations were made with Transit Instrument No. 2. by Messrs. Troughton 
and Simms^ which belongs to the Longitude equipment purchased in 1894. The transits were 
recorded on one of the chronographs of the same equipment. In January and Februaiy 1 904, break- 
circuit chronometer Bond No. 480 was used for the star transits and the rate of S. B. 238 was 
deduced by means of comparisons made on the chronograph. 

All the star observations in January and February were made by Lieut. H. M. Cowie^ B. E. 
The programme contained from 8 to 12 zenithal stars^ and 2 or 3 polar stars for the determination 
of the deviation in azimuth. The same stars were observed each night. 

The tnermometers were the same as those used at Kew and Qreenwicli. 

The temperature conditions were not very good. The room is large and lofty but the roo£ 
is of iron and in the day time there was an appreciable rise of temperature. A lag correction 
has consequently been applied both here and at all the stations of this season^ employing the same 
formula as had been used at Kew and Greenwich. 
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The flexnre correction was determined seven times. On the first three occasiofis I forgot to 
place the screen between the driving and the driven pendulums ; when I discovered its omission I 
made further observations with and without the screen so as to ascertain what difference the 
absence of the screen would make in the correction. It was found that with the screen in 

position the correction was greater by 4-3 x 10 than when the driven pendulum was unprotected 
from the air set in motion by the driving pendulum. This result was to be expected, for the 
driven pendulum follows a quarter of an oscillation behind the other^ so that the air set in motion 
has a retarding effect on its movement. 

The results of the flexure observations are shewn in the following table :-« 






Date 
1904 


Flexure Correction 


Without Screen 


With Screen 


JanuaTj 20 
» ai 
» a9 

February 8 

» 9 
9 


f 
28 3 X 10-7 
297 
30-4 


f 
32*6 X 10-7 

340 
34-7 
35*3 
34-4 
35*2 


Mean 


34*57 ^ 10"^ 


Adopted Correction ... - 35 x 10"^ 



Calcutta. 

The room In which Captain Basevi observed was no longer available, but the Rector of 
St. Xavier^s College kindly placed the lower storey of the observatory in the college grounds at my 
disposal. The observatory is less than 100 yards from Basevi's station. 

The observations began at night and passed without incident, but next day when I began 
to observe I fouud that the arc of vibration kept changing and that the time of oscillation was 
quite irregular. 

The cause of the irregularity was unquestionably earth-tremors set up by the traffic. The 
whole city of Calcutta may almost be said to be floating and the movement of vehicles sets up 
waves in the flexible crust. 

The following is the record of one of several series of observations of the amplitude of the 
Tibration of a pendulum, caused by these waves, the pendulum having been completely brought to 
rest at the beginning of the observation. 



Time 


Arc of 
Tibration 


Time 


Arc of 
Tibration 


m f 

20 20 
40 

SO 

23 

30 

24 30 
26 30 


/ 

... 

... 4 

... 

2 



2 

... 3 

... 4 


m a 
27 40 

30 H 

31 SO 
3» 4S 
34 30 

38 

39 40 
41 35 


... 
... fi 
... 9 
... 12 
... 14 
... 17 
... II 
... 7 
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The irregularity in the time of vibration was well shewn by the fact that the estimated time 
of the 61st coincidence^ which in general is not in error by more than 1* or 1"'5^ was here apt to 
be wrong by fully 10 seconds. 

Different times of the day^ and planes of oscillation in different azimnths were tried^ but 
without producing any improvement. It was clear that it was impossible to obtain a trustworthy 
result in this part of Calcutta, and the observations were abandoned. 

When Basevi observed here 24 years ago it is probable that the vibrations of the ground 
were much less marked than they are now, for there has been a great increase in the volume of 
the traffic in the interval ; furthermore it is very likely that the long pendulums used by him were 
less sensitive to these tremors on account of their greater period. 

I am surprised however that I have come across no mention of this difficulty in connection 
with the Austrian pendulum observations. It appears^ that two separate sets of observations were 
made^ the one in 1893 and the other in 1897^ and both in the very same place as that which I 
occupied^ and with precisely similar pendulums. Yet though allusion is made to ground vibrations 
in other places {e.g. Port Said & Yokohama) nothing is said of any trouble in Calcatta. 



Madras. 



Latitude ... ... 13^ 4' 9^ 

Longitude ... ... 80 14 54 

Height above mean sea level ' 20 feet 

The room in the observatory which had been occupied by Basevi was available, and was 
kindly placed at my disposal by Professor R. LI. Jones, the Director. The arrangements were the 
same as in Dehra Diin, except that the time determinations were undertaken by Mr. Solomon, the 
First Assistant in the observatory, with the large transit instrument. The sidereal clock belonging 
to the observatory is not provided with electrical contacts and I therefore made the comparison 
between it and S. R. 238 by means of a mean time chronometer which was lent me for the purpose. 
The temperature conditions were satisfactory. The flexure was determined six times with 
the following results: — 



Date 




Flexure CoR«ctioQ 


March 3 

%i ** 

91 » 


■ a. 
... 


8 

38 -ex 10-7 

41-7 
37-8 
384 
38-4 
37*o 


Keaa 


..« 


9 
38-7 X 10-7 


Adopted Correction 


... 


- 39x10-7 



Colaba. 



Latitude ... ... 18^ 53' 45" 

Longitude .., ... 72 48 47 

Height above mean sea level 34 feet 

The out-building of the observatory which was lent to Captain Heaviside in 1873 was 
kindly placed at my disposal by Mr. Moos^ the Superintendent. The position of this building is 
not very well suited to pendulum observations as it lies very near ,< the public road and the floor 
is consequently somewhat liable to surface vibrations. 

* CompUt-rendut de la Treizihrna Conference OSnSrale de V Attoeiation OiodSsique InternatwnaUt 1900. p. 184. 
Ifc is poftiible that there is some mistake about the place in wliichtheobserTationeof 1897 were made, for theauthor- 
iliafl at St. XaTier^a OoUegOi though the/ knew all aboat the obaeryatiout of 1893, had do reooUection of any in 1S97. 
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The rate of the clock was determined by transits which I observed myself with Transit 
Instrument No. 2» by Troughton and Simms, The programme included 12 zenithal and 4 polar 
stars. The clock's rate was rather unsteady, this may have been due to vibrations of the floor. 

The temperature conditions were fairly satisfactory. 

The flexure correction was determined six times with the. following results:— 



Date 


Flexure Correction 


March i6 

II » • 
>i ao 
« II 
23 
II II 


395 ^ 1^0'^ 

394 

36 I 

38 -9 

382 

385 


Mean 


38-4 X 10"' 


Adopted Correction 


-38x10-7 



Mussooree {JDuMeverick). 

Latitude ... ... 80° 27' 28*' 

Longitude ... ... 78 8 33 

Height above mean sea level 7129 feet 

The apparatus was erected in a room in the lower storey of the house called Dunseverick. 
This house is situated on the eastern end of a ridge which runs nearly due east and west ; the 
ground falls very steeply on three sides^ but on the fourth it continues at about the same level^ 
though with irregular ups and downs^ for about 7 miles and then delBcends gradually to the 
Jumna. 

There is a bench-mark of the G. T. Survey in the verandah just outside the pendulum room^ 
BO that the height above sea level is known with an unusual degree of accuracy for a station in 
the hills. The temperature conditions were good. 

I made the time determinations myself^ using Transit Instrument No. 2 by T. & S. 
The flexure correction was determined six times with the following results:^- 



Date 






Flexure Correction 1 


April 


ai , 




f 
41*5 


x 10-7 


II 


If 


... 


4I-0 




t> 


as 


... 


40- 5 




II 


II 


•*• 


39' 




M 


•7 


... 


409 




n 


II 


... 


41-7 






Mean 


•tt 


s 
40*8 


«,o-' 


Adopted Correotion 


.*• 


- 4? X 10-7 
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Mussooree {CameVs Sack). 



Latitude ... ... 30® 27' 85'' 

Longitude ... ... 78 4 32 

Height above mean sea level 6924 feet 

This was Basevi's station. The house which he built expressly for the pendulums, and 
which was close to the house formerly used as the G. T. Office, had when I reached Mussooree 
been almost entirely pulled down, with a view to the erection of a larger one. The owner however 
gave me permission to use a part of the new house as soon as the" roof was on, and before the inside 
fittings were commenced. The roof was of iron, so to improve the temperature conditions I had a 
temporary thatch laid on the top of it. 

The exact site of Basevi's pillar was not discoverable, but the new station is certainly not 
as much as 10 feet from the old one. 

The height above M. S. L. was obtained by levelling from a bench-mark of the G. T. Survey 
which was only a few yards away. 

I made the time deteirminations myself, 

The flexure correction was determined four times with the following results :-« 



Date 






Flexure Correction 


Maj 12 




••• 


f 
38*7 X 10-7 


n •» 




••• 


375 
36-0 


»> f> 




... 


35*3 








s 


Mean 




.•• 


36-9 X lo-y 


Adopted Correction 


... 


- 37x10-7 

1 




Dehra 


Dun. 


Latitude 






... 80° 19' 29* 


Longitude 


••• 




... 78 3 15 



Height above mean sea level 2289 feet 

The closing observations in Dehra Diin were made in the same room as were those at the 
beginning of the tour. Two series of observations were made ; during the first the break-circuit 
chronometer Bond 480 was used both for stars and pendulums, and the transits were observed 
partly by me and partly by Sub-assistant Superintendent Hanuman Prasad. 

During the second series the clock S. R. 238 was used and all the star observations were 
made by Babu Hanuman Prasad. 

The temperature conditions were not very satisfactory. 

The flexure correction was determined five times as follows :— 



Data 




Flexure Correction 


May 26 

u 30 
Jane 5 


••• 

••• 
••• 
••• 
«.• 


s 
a9*7x 10-1 
a9S 
303 

18-4 


Mean 


••• 


f 
a9'ixio-7 


Adopted Comotion 


••• 


-29x10-7 
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Table I. Details of the Observations. 



-a 



I 



03 



.9 fl 

OM 



•g 

o 

6 



Tempera- 
ture 









a 






a 
o 

P 



Observed 

Time of 

Vibration 



Correction on account o£ 



o 



"S 

o 

P4 

s 



Hi 



o 
'53 <j 

p 



Beduced 

Time of 

Vibration 



Dehra Dun— (fiasei^/'s Station), 
25-26 Jannarj, 1904. 





h m 


« 


s 


/ 


o 







>37 
»39 
138 
140 


5 21 

6 14 

7 8 
7 59 


34-413 
34-863 
33*347 
35 -224 


-1-88 
1-88 
1-88 
1-88 


16 
14 
15 
H 


13*31 

13*34 
>3*32 
13*29 


— o-oi 
o-oi 

O-OI 
O-OI 


0-881 
o'88i 
o'88i 
o*88i 


»37 
139 
138 
140 


17 24 

18 15 

19 9 

20 3 


34*463 
34 900 
33*374 
35*243 


-1-88 
1-88 
1-88 
1-88 


>5 

14 
16 


11*82 

13-25 
12-82 

"3*30 


+ 0*57 
0*57 
0*57 
OS7 


0-883 
0-882 
0-878 
0-875 



0-5073717 


4-I10 


-7 


-652 





- 523 


-35 


0-5072753 


no 


5 


654 





534 


35 


0-5076111 


no 


6 


653 





504 


35 


0*5071997 


110 


5 


651 





534 
Mean 


35 


0*5073610 


4- no 


-6 


- 579 


+ 14 


- 525 


-35 


0-5072675 


no 


6 


600 


14 


534 


35 


0-5076048 


no 


5 


628 


14 


503 


35 


0-5071958 


no 


7 


652 


14 


530 


35 




Mean 


.1. 


Time of Vibration of Mean Pendulum 


••• 



0-5072610 
0-5071635 
0-5075023 
0-5070882 

0-5072538 

0-5072589 
0-507 1624 
05075002 
0*5070858 

0-5072518 

0*5072528 



140 


5 35 


35*215 


— I 


'73 


16 


'3*55 


—0*01 


0*877 


138 


6 29 


.^3'^3^ 


I 


•73 


'5 


'3*68 


0*01 


0-876 


>39 


7 23 


34847 


I 


•73 


'4 


13*61 


O-OI 


0-876 


137 


8 17 


34-40' 


I 


*73 


14 


13-61 


O-OI 


0.876 


140 


'7 35 


35*270 


-I 


*73 


16 


12*05 


+ 0-49 


0878 


138 


'8 ^^ 


33*379 


I 


•73 


'5 


12-50 


049 


0-876 


'39 


19 26 


34 885 


I 


•73 


'4 


12-93 


0-49 


0-873 


'37 


20 22 


34*425 


I 


*73 


'4 


'3*38 


0*49 


0-869 



26-27 January, 1904. 

0-5072016 
0-5076143 
0-5072788 
0-5073743 



0*5071902 
0*5076036 
0-5072706 
0*5073692 



+ 102 


-7 


- 664 





- 531 


-35 


102 


6 


670 





50' 


35 


102 


5 


667 





53' 


35 


102 


5 


667 





520 
Mean 


35 


+ 102 


-7 


- 590 


4- 12 


- 532 


-35 


102 


6 


613 


12 


501 


35 


102 


5 


634 


12 


529 


35 


102 


5 


656 


12 


5'6 


35 



Mean 
Time of Vibration of Mean Pendulum 



0-5070881 

0*5075033 
0*507 1652 
0*507 2618 

0*5072546 
0-5070852 

0-5074995 
0-507 I 6 17 

0-5072594 

o-50725«5 

0*5072530 



139 

'37 
140 
'38 


5 56 

6 5' 

7 48 
845 


34*850 
34*399 
35-217 
33*338 


-1*66 
1-66 
1-66 
1-66 


'5 
'5 
'5 
'5 


'3*64 
13-66 
'3-56 
'3*50 


— o-o6 
o-o6 
o-o6 
0*06 


0.879 
0877 
o-88o 
0-878 


139 
'37 
140 

138 


'7 47 

18 48 

19 48 

20 47 


34*899 
35*586 
35*235 
33*340 


-1-66 
1*66 
1-66 
1*66 


12 
'4 
'5 
'5 


12*39 
12-84 
13*38 
'3-94 


+ 0*52 
052 
0-52 
052 


0-880 
0878 
0-874 
0*871 



29-30 January, 1904. 

0-5072780 
0-5073748 
0-507201 1 
0-5076131 



0-5072678 
o- 5073663 
0-5071972 
0*5076126 



+ 97 


-6 


- 668 


— 2 


- 533 


-35 


97 


6 


669 


2 


521 


35 


97 


6 


664 


2 


533 


35 


97 


6 


662 


2 


502 
Mean 


35 


+ 97 


-4 


-607 


•^ '3 


- 533 


-35 


97 


5 


629 


'3 


522 


S5 


97 


6 


656 


'3 


530 


35 


97 

me of "V 


6 

'ibrat 


683 

ion of "hi 


13 
[ean Pe 


498 

Mean 

ndulum 


35 



o*507'633 
0-5072612 
0-5070868 
0*507502 I 

0-5072534 

0*507 1609 
0*5072582 
0-5070855 
0-5075014 

o*50725'5 
05072525 



3-4 February, 1904. 



138 


6 10 


33-367 


-2*50 


IS 


'3*37 


+ o*o6 


0-879 


140 


7 3 


35*249 


250 


14 


'3*44 


006 


0878 


'37 


8 


34-439 


2-50 


'5 


'3*5' 


0-06 


0-878 


'39 


855 


34*883 


2*50 


16 


'3*53 


0'o6 


o-8;8 


'37 


18 20 


34*450 


-2*50 


'4 


13*01 


+ 0-49 


0*879 


'39 


'9 13 


34*893 


2*50 


16 


'3*44 


0-49 


0876 


'38 


20 9 


33*361 


2-50 


16 


13-95 


049 


0872 


140 


21 4 


35*23' 


2-50 


'5 


'4*36 


0-49 


0871 



0*5076065 
0-5071946 
0-5073661 
0*5072710 


+ 147 
'47 
147 
'47 


-6 

1 

7 


- 655 

659 
662 
663 


-h 1 

I 
I 
I 


- 503 
532 
522 

532 

Mean 


-35 
35 
35 
35 


0-5073638 
0-5072691 
0*5076079 
05071983 

Ti 


+ 147 
'47 
'47 
147 

me Dt\ 


-5 
7 
7 
6 

Ibrat 


- 637 
659 
684 
704 

ion of ]y 


+ 12 
12 
12 
12 


- 522 

S3' 
499 
528 

Mean 

tidulum 


-35 
35 
35 
35 



0-5075014 
0-5070863 

05072584 

0*507 162 J 

0-5072521 

0-5072598 
0-507 1618 

0*5075013 

0*5070869 
0-5073535 
05072523 
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Table I. Details of the Observations — (Continued). 
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* 

1 
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CQ 
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«4^ 
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Time of 
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4-5 Febroary, 1904. 





h m 


S 


9 


/ 










«37 


6 31 


34'4«i 


-2-45 


15 


13-70 


■^005 


0-877 


139 


7 18 


34 869 


2-45 


15 


'3*73 


0*05 


0876 


138 


8 '7 


33-350 


2-45 


16 


13-66 


0*05 


0-877 


140 


9 " 


35-235 


2-45 


>5 


'3*58 


005 


0877 


140 


18 35 


35-269 


-2-45 


15 


13 81 


+ 0«53 


0877 


138 


'9 23 


33*375 


2-45 


'5 


13-26 


0*53 


0*876 


>39 


20 33 


34-886 


2-45 


«4 


'3-83 


052 


873 


'37 


31 48 


34"4'6 


2-45 


'5 


'4 52 


0-52 


0-868 



s 
0-5073700 
0-5072740 
0*5076102 
0-5071973 


4-144 
144 
'44 
144 


-6 

6 

I 


- 671 

673 
669 
665 


— 1 

1 
1 
1 


— 531 
53' 
So« 
53' 

Mean 


-35 

35 
35 
35 


0-5071905 
0*5076046 
0-5072705 
0-50737* I 


4-144 
'44 
144 
144 


-6 
6 

i 


- 638 
650 
678 
711 


+ '3 
•3 
13 
«3 


- 531 
501 
528 
5i6 


-3« 
35 
35 
35 


Mean 


... 


Time of -^ibration of Mean Pendulum 





0*5073610 
0-5071638 
0-5075032 
0-5070879 

0"507a540 

0*5070863 
0-5075011 
0-507 1616 
0*5073600 

0-5073533 

0*5072531 



5-6 February, 1904. 



140 
'38 

'39 
'37 


623 

7 27 

8 31 

9 '4 


33 '.^5 
34-868 
34-420 


-3-48 

«*48 
3-48 


M 
16 

«5 
•4 


»3-97 
'4 03 
13-96 
1388 


—0-04 
0-04 
0-04 
0-04 


0.878 
0878 
0*878 
0-879 


«.?8 


18 16 


33 -.185 


-3-48 


'4 


13-94 


+ 0-51 


0*879 


140 
'37 
'39 


19 10 

20 9 

21 4 


.35*257 
34-436 
34-875 


3*48 
348 
a-48 


'5 
16 

•5 


13-39 
'385 
'4-3« 


o-5» 
0-5' 
0*51 


••87s 
0-873 
0*872 



0-5072003 
o«5076ii5 

0-5072743 
0*5073702 


+ .46 
146 
146 
146 


-5 

I 

5 


- 685 
687 
684 
680 


- I 

1 
1 
I 


- 532 
502 
532 
522 

Mean 


-35 
35 
35 
35 


0*5076032 
0*5071928 
o- 5073668 
0-5073729 


4-146 
146 
146 
146 


-5 
6 

7 
6 


- 634 
656 
679 
701 


•*■ '3 
'3 
'3 
«3 


- 503 
530 

528 


-35 
35 
35 
35 


Mean 


... 


Ti 


meof T 


ribral 


Lion of W 


[ean Pe 


ndulum 


... 



0*5070891 
0-5075029 
0*5071631 
05073605 

0-5073539 
05075004 

0*5070860 

05072587 

0*507 I6I8 

0-5073517 

0*5072528 



Madras. 
3-4 March, 1904. 





k m 


S 


s 


/ 










»37 


10 34 


33*"« 


+ 3-.39 




36-79 


+ 001 


0*900 


139 


" '5 


.^3'5" 


3*39 


16 


26*87 


0*01 


0900 


•.38 


12 9 


32-100 


3-.39 


16 


26*84 


0*01 


0*900 


140 


»3 I 


33 837 


3-39 


'5 


36-86 


o-oi 


0-901 


'37 


33 39 


.33-106 


+ 3-.39 


14 


26*39 


+ 0-14 


0*900 


'.39 


23 22 


.^3-506 


3'.39 


15 


26 57 


0-14 


901 


'38 


31 


32*091 


3*.39 


16 


36-71 


014 


0*898 


140 


1 19 


33-828 


3*39 


'4 


36 80 


0-14 


0897 



f 
0*5076663 


-199 


-6 


-'313 





- 535 


-39 


0-5075733 


'99 


7 


»3i7 





545 


39 


0-50791 '3 


'99 


7 


KV5 





515 


39 


0-5074993 


'99 


6 


i3»6 





546 
Mean 


39 


0-5076673 


-'99 


-5 


-1393 


+ 4 


- 535 


-.39 


0*5075746 


199 


6 


1303 


4 


540 


39 


0*5079136 


199 


7 


'.309 


4 


5'4 


39 


05075013 


199 


5 


'3'3 


4 


544 


39 




Mean 


... 


Ti 


meof 1 


Hbra 


tion of li 


[eanPe 


ndulum 


... 



0-5074570 
0*5073636 
0-5077038 
05073887 

0-5074530 

0*5074606 

0-5073658 
0*5077073 
0-5073917 

0-5074563 

05074547 



4-5 Murcli, 1904. 



137 


10 38 


.33-090 


+ 3-.30 


'4 


36-43 


-0*04 


0*901 


'•'2 


II 32 


33 504 


3-.30 


'5 


36*46 


0*04 


0903 


'38 


12 17 


32-103 


3-.30 


'7 


26-40 


0-04 


0-903 


140 


'3 7 


33 840 


3-30 


15 


26*33 


0*04 


0*903 


137 


23 .34 


33- '07 


+ 3-.30 


'4 


35-76 


4-0-34 


0*903 


'39 


33 36 


33-525 


3-30 


16 


36-06 


0*34 


0*901 


'.38 


19 


32-"7 


3-30 


'7 


36*25 


0*34 


0-898 


140 


I 13 


33-845 


3-30 


'5 


26*43 


0-34 


0*898 



0*5076710 

0*5075749 
0*5079106 

0-5074987 


-194 
'94 
«94 
'94 


8 
6 


-1395 
1297 

'294 
1290 


— 1 
I 


- 535 
547 
5«7 
547 

Mean 


-39 
39 
39 
39 


0*5076673 
05075701 
0-5079071 

0-5074973 


-194 
194 
'94 
'94 


-5 

7 
8 
6 


— 1363 
1277 
1286 
1395 


4- 6 

6 
6 
6 


- 5.36 
546 
5'4 
544 


-.39 
39 
39 
39 




Mean 


... 


Ti 


meofT 


ribral 


jon of "h 


[eanPe 


odulum 


... 



0-507464' 
0-5073665 
05077053 

0*5073910 

0-5074567 
0*5074642 
05073644 
0-5077036 
0-5073901 

05074556 

0-5074562 
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Table I. Details of the Observations — (Continued). 
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6*7 March, 1904. 





h m 


« 


« 


/ 





• ^ 




137 


10 47 


33>ao 


+ 3-27 


14 


2572 


-0*08 


0*904 


"39 


la 5 


33*533 


3*27 


16 


25*76 


0*08 


0-904 


138 


13 «9 


32*128 


3*27 


»7 


2562 


o-o8 


0905 


140 


14 26 


33873 


3*27 


>7 


25*50 


0*08 


0*905 


137 


aa 43 


33*133 


+ 3*27 


17 


25*52 


+ 0*25 


0*903 


139 


»3 59 


33-525 


3-27 


18 


25-91 


0*25 


0*901 


138 


I 9 


32*097 


3*27 


>7 


26- 17 


0*25 


0*900 


140 


a 21 


33-820 


327 


16 


26*39 


0-25 


0*898 



0*5076641 


-192 


-5 


— 1260 


— 9 


- 537 


-39 


0*5075682 


192 


7 


1262 


2 


5*2 


39 


0*5079043 


192 


8 


1255 


2 


5«8 


39 


0-5074911 


192 


8 


1250 


2 


548 
Mean 


39 


0-5076610 


-192 


-8 


— 1250 


+ 6 


- 536 


-39 


0*5075700 


192 


9 


1270 


6 


546 


39 


0-5079122 


192 


8 


1282 


6 


5'5 


39 


0-5075031 


192 


7 


"93 


6 


544 


39 



Mean 
Time of Vibration of Mean Pendulum 



0*5074606 
05073632 
0-5077029 
0-5072872 

0*5074535 

0*507459' 
0*5073650 
0-5077092 
0*5072962 

0-5074574 
06074555 



137 


10 25 


33*123 


+ 2*62 


15 


35*80 


— o'o6 


0*904 


»39 


11 15 


33*533 


262 


16 


25-85 


0*06 


0*904 


138 


12 9 


32*128 


262 


16 


25 78 


o*o6 


0905 


140 


»3 3 


33-869 


2-62 


»5 


25*66 


0*06 


0*906 


137 


23 36 


33-147 


+ 2*62 


'5 


25-32 


+ 0*32 


0905 


139 


23 28 


33*558 


3-62 


16 


25*70 


0*32 


0904 


138 


21 


32- 138 


3*62 


14 


25-97 


0*32 


0-Q02 


140 


> IS 


33-8<>4 


3*62 


»4 


26*20 


0-32 


0*900 



7-8 March, 1904. 

0*5076633 
o- 5075682 
0*5079042 
0-5074921 



0*5076577 
05075626 
0*5079020 
0*5074932 



-»S4 
>54 
154 
»54 



-154 
154 
'54 
»54 



-6 

7 
7 
7 



-6 
7 
5 
5 



— 1264 
1267 
1263 

1257 



8 -538 
8 548 
8 5'6 
8 545 
Mean 
Time of Vibration of Mean Pendulum 



-1241 
1259 

1273 
1284 



-537 
548 
518 
549 

Mean 



■39 
39 
39 
39 



0*5074631 
0*5073665 
0*5077059 
0*5072913 
0*5074567 
0*5074607 
05073637 
0-5077041 
0*^072913 

0-5074547 
0-6074557 



Colaba Observatory. 
16-17 March, 1904. 





h m 


« 


« 


t 
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+ 0-43 


15 
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0*899 


139 
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33*988 


0-43 


'5 


26*10 


0*09 


0*899 


138 


n 54 
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16 


26*01 


009 


0*901 


140 


12 ^9 


34*335 


0-43 


15 


25-94 


0*09 


0*899 


»37 


22 I 


33*585 


+ 0-43 


15 


25*68 


+ 0*39 


0*900 


139 


22 56 


34*000 


o*43 


16 


26-08 


039 


0-896 


138 


23 51 


32552 


o*43 


16 


36*41 


39 


0-895 


140 
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34332 


0-43 


IS 


26-74 


039 


0894 



0-5075623 


- 25 


-6 


-1284 


— 3 


- 534 


-38 


0-5074653 


25 


6 


1279 


3 


545 


38 


0*5078028 


25 


7 


1274 


3 


51s 


38 


o- 5073890 


25 


6 


1271 


3 


545 
Mean 


38 


0*5075563 


- 25 


-6 


-1258 


+ 10 


- 535 


-38 


0-5074626 


25 


7 


1278 


10 


543 


38 


05077999 


25 


7 


1294 


10 


512 


38 


0-5073896 


25 


6 


1310 


10 


542 


38 



Mean 
Time of Vibration of Mean Pendulum 



0-5073734 
0-5072758 
0*50761 67 
0-5073003 

0*5073666 
0-507371 I 
05072745 
0-5076133 
0-5071985 

0-5073644 
0*5073655 



17-18 March, 1904. 



140 


10 


34-331 


+ o*99 


'5 


26*01 


-0*05 


0*901 


138 


10 54 


32 538 


0-99 


16 


25*98 


0*05 


0-901 


139 


11 54 


33*989 


099 


14 


25 -94 


0*05 


0*899 


«37 


13 50 


33*560 


0*99 


15 


25-87 


0*05 


0-899 


140 


33 6 


34342 


+ 0-99 


»5 


25*62 


+ 0*38 


0*900 


138 


23 I 


32-543 


0*99 


16 


25*99 


0-38 


0-898 


139 


23 55 


33*981 


0-99 


15 


26-32 


0-38 


0895 


137 


S3 


33-547 


0-99 


IS 


36-66 


0*38 


0894 



0- 5073898 
0-5078031 
0-5074652 
0*5075618 


- S8 
58 
58 
58 


-6 

7 
5 
6 


-1274 
1273 
1271 
1268 


-" 1 

I 
I 
I 


- 546 
515 

545 
534 

Mean 


-38 
38 
38 
38 


0-5073872 
0*5078020 
0*5074668 
0-5075650 


- 58 

58 
58 


-6 

I 

6 


-1255 
1274 
1290 
1306 


+ 9 
9 
9 
9 


- 545 
5»4 
542 
531 


-38 

38 
38 




Mean ... | 


Ti 


me of -^ 


Tibra 


tion of ] 


ifeanP< 


mdulum 


... 1 



0-5071975 
0*5076139 

0-5072734 
0*5073713 

0-5073640 

5071979 
5076138 

5072743 
5073720 

5073645 

5073643 
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Table I. JDetaile of the obaervatiofu—^Continued), 



B 

1 


J 

s 

GQ 


.5 fi 




1 



3 


2 

< 

1 

1 
S 


Tempera- 
ture 


< 

1 

P 


Obserred 

Time of 

Yibration 


Correction on account of 




Bednced 
Time of 
Yibration 






Is 


1. 
is. 


1 
1 

5 


4 


1 


1 


P 


1 




30-31 March, 1904. | 


139 
137 
140 

138 


h m 

10 4 

11 5 

13 8 

"3 4 


33*993 
33-S7J 
34*344 
3»-S56 


f 

+056 

0-56 

056 

0-56 


,'6 
«S 


»5*85 
25-75 
25-62 

25*56 



— o-ii 
o-ii 

O'll 
O-II 


0-903 
0-903 
0903 
0*902 


9 
0-5074643 
0-5075596 
0*507.^870 
0-5077988 


- 33 
33 
33 
33 


— 7 
6 
6 

7 


-1267 
1262 

"255 
1252 


- 3 
3 
3 
3 


- 547 
536 

5"6 
Mean 


-38 
38 
38 
38 


ff 
o-507»748 
0-5073718 
0-5071988 
0*5076139 

0-5073648 


"39 
"37 
140 

"38 


22 21 

23 29 

26 

1 ai 


34-025 
33-595 
34-352 
3* -541 


+0-56 
056 
0-56 
0-56 


16 

"4 
"7 
"5 


25*35 
25-67 
26*20 
26-61 


+0*51 
5" 
0-5I 
51 


0-902 
0901 
0-895 
0-895 


0*507457" 
0-5075542 
o-S07.=?8s2 
0*5078026 


- 33 
33 
^3 
33 


-7 
5 
8 
6 


-1242 
1258 
1284 
1304 


•«■ "3 
"3 
"3 
"3 


- 547 
535 
542 
5»2 


38 
38 
38 


0*5073717 
05073686 
0-5071960 
0-5076146 




Mean ... 


0-5073627 




GTime of Yibration of Mean Fendulom ... 


0*5073638 




31-38 March, 1904. | 


138 

140 

"37 
»39 


10 6 

10 58 
"" 57 

11 sa 


3»-544 
34*334 
33*5^ 
3399^ 


+0*80 

o>8o 
080 
0*80 


»5 

"S 
"5 
»7 


25-94 
25*9" 
25 83 
»5*73 


—0-08 
o-o8 
o-o8 
008 


0*902 
0900 
0*900 
0*902 


0*5078018 
0-5073891 
05075611 
0*5074637 


- 47 
47 
47 
47 


-6 
6 
6 
8 


-1371 
1270 
1366 
1261 


— 3 
2 
3 

3 


-5"6 

545 

535 

547 

Mean 


-38 

3« 
38 
38 


0-5076138 
0-5071983 
0-5073717 
0*5072734 

0*5073643 


138 
140 
"37 
"39 


29 19 

»3 "3 

10 

1 6 


3»-56» 
34*348 
33578 
33995 


+ 0*8© 
o-8o 
o-8o 
o-8o 


"5 
"4 
16 
16 


25*23 
25*58 
25 94 
36 37 


+ 0-37 
0-37 
0-37 
0-37 


0904 
0*903 
0-900 
0*897 


0*5077977 
0-5073860 
0-5075596 
0*5074637 


- 47 
47 
47 
47 


-6 
6 

7 
7 


-1236 

"253 
1271 

1287 


4 9 
9 
9 
9 


- 5«7 
547 
535 
544 


-38 
38 
38 
38 


0-5076142 
0*5071978 
0-5073707 
©•5072723 




Mes^n ... 


o'.'i*»73638 




Timt of Yibration of Mean Pendulum „. 


03073641 




Mussooree {DMnaeueridt}. 




«'»3 April, 1904. 


"37 
»39 
"38 
140 


A m 
12 I 
"a 57 
"3 55 
"4 5» 


# 
33*789 
34-2»7 
32-743 
34*553 


+ 8*50 
850 
8-50 
8-50 


>'6 

16 


i6'»^ 
16-41 
.6-53 
16-56 


+ 0-13 
0-13 
0-13 
o*"3 


©•723 

0*721 

C-72I 

0-721 


f 

0-5075100 
0-5074146 
0-5077537 
0-5073413 


-499 
499 
499 
499 


-7 
8 

7 
7 


- 793 
804 
809 
811 


•^ 3 

3 
3 
5 


- 429 

437 

4*2 

437 
Mean 


-4' 
4> 
4" 
4' 

• •• 


i 

0-5073334 
0*5072360 
0-5075772 
0-5071621 

0-5073272 


"37 
"39 
'38 
140 


I 
57 
" 51 
2 47 


33 798 
34- "8 
3»-754 
34*5*9 


+ 8-50 
850 
850 
850 


18 

"7 
"7 
"7 


l6'^l3 

"6*33 
16*40 
1647 


+ 0-11 

on 
o-ii 

O'll 


0*72^ 
0-721 

0-721 

0-720 


0-5075079 
0-5074122 
0-5077510 
0* 5073380 


-499 
49^ 
499 
499 


7 
8 


- 790 
800 
804 
807 


•^ 3 
3 
3 
5 


- 429 
437 
412 
436 


-4» 
41 
4i 
4i 


o*50733"4 
0-5072341 

.0*5075749 
05071592 




Mean ... 


0-5073249 




Time of Yibration of Mean Pendulum ... 


0*6073261 




33-34 April, 1904. « 1 


140 
"38 
"39 
137 


12 I 

13 58 

'3 55 
"4 5» 


34*S6» 
3*- 740 
34*204 
33-769 


+ 8-17 

8-17 
8*17 


"7 
"7 


i6-6i 
16-87 
16-94 
i7-o» 


+ o*i4 
0-I4 
o-M 
0-14 


0719 
0-719 
0-718 
0.718 


0-5073397 

o-.'5077542 
0-5074176 
0-S075M6 


-480 
480 
480 
480 


-8 
8 

7 
8 


- 814 
827 
830 
837 


+ 3 
3 
3 
3 


-436 
41 " 
435 
426 

Mean 


-4" 
4« 
41 
4" 


^-5071621 

0*5075778 
0-5072386 

0*5073357 

0-5073286 


140 
"38 
"39 

»37 1 


30 

* "3 

2 6 

3 » 


34^570 
32'75" 
34*223 
33786 


+ 8-17 
^8-17 

8ir 


18 

"7 

l8 

17 


1664 
16-77 
16-82 
16-90 


•fO'o8 
©•o8 
0*08 
o-o8 


0-721 
0*720 
0*720 
0*720 


0-507.W8 
0-5077517 

0-5074133 
0*5075106 


-480 
480 
480 
480 


-9 
8 

9 
8 


- 8.5 
822 
824 
828 


+ t 

3 

3 


- 437 
412 

436 
428 


-4" 
41 
4" 
41 


0-5*^71598 
0*5075756 
0-5072345 
0-5073323 




Mean ..r | 


0-5073255 








Time of Yibration of Mean Pendulum ••« | 


0-5073271 
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Table I. DetaiU of the Observation*— (Continued). 



3 

1 


r2 

GQ 




I"? 

.S a 



1 
1 

5 


2 


Tempera- 
ture 


s 

a 


Obserred 

Time of 

Vibration 


Correction on account of 


Eeduced 

Time of 

Vibration 





h 

^ 




1 

•8 

3 


2 
< 


1 

1 


s 




2 

i 


35-26 April, 1904. 1 


»39 

140 
138 


12 II 

13 5 

14 2 

14 56 


t 

34- "5 
33-786 
34 560 
34-93> 


+7*73 

7*73 
7*73 
7*73 


18 

18 
16 


16-83 
17*04 
i7*'S 
17*25 


• 
+ 0-14 

014 
014 
014 


0*723 
0-722 
0-722 
0-722 


0*5074129 

0-5075107 
0-5073400 
0*5077525 


-454 
454 
454 
454 


-9 

8 
9 

7 


-8,5 

83s 
840 

84s 


+ 4 

4 
4 

4 


- 438 
429 
438 
413 

Mean 


-41 
41 
41 
41 


9 
05072366 

0*5073344 
0*507 1622 
0*5075769 

05073275 


»39 
»37 
140 

138 


29 

1 »5 

2 22 

3 16 


34 -"6 
.«-792 
34*565 
3a*75« 


+ 7-73 
7-73 
7*73 
7*73 


ift 
16 

»7 
<5 


16*82 
17-01 
i7*io 
1718 


+ 0*12 

o-u 

0-I2 
1 0'12 


0-724 

0-J24 

0-723 

0*728 


0-5074127 

0-5075093 
o- 5073388 
0-5077518 


-454 
454 
454 
454 


-9 

7 

I 


- 824 
8.W 
838 

84* 


+ 3 
3 
3 
3 


- 4.39. 
430 
438 
413 


-41 
41 
4i 
4' 


0*5072363 
0-5073331 
0-507 16 1 3 

0*5075765 


Mean ... 


0*5073268 


Time of Tibntios of Mean Pendulum ... 


0*5073272 


16-27 April, 1904, 1 


138 
140 

137 
139 


12 14 
>3 9 
14 7 
'S 4 


3a*7S3 
34*559 
33*779 
34* an 


+ 7-73 
7-73 
7*73 
7*73 


16 

'5 


17-12 

17*37 
17-46 

>7-49 


+ 0-12 
0-12 
0*12 
e*12 


0-733 
0723 
0*724 
0723 


0-5077513 
0-5073403 
oso75«23 
0*5074158 


-454 
454 
454 
454 


-6 

7 
7 
6 


- 839 
851 
856 

8S7 


+ 3 
3 
3 
3 


- 414 
438 

438 
Mean 


-41 
41 
41 
41 


0-5075762 
0-5071615 
0*5073338 
0-5072365 

0-5073270 


138 
140 
137 
139 


25 

1 24 

2 24 

3 16 


34*941 
.34*566 
.=J3*788 

34*221 


+ 7 '73 
7*73 
7*73 
7-73 


18 
15 
13 
16 


16-93 

1718 
17-28 
17-42 


+ o-i6 

0-16 

o-i6 
o-i6 


0*726 

0*725 
0724 

0-723 


0*5077.503 
0*507.3387 
0*5075102 

0-5074137 


-454 

454 
454 
454 


-9 

5 
5 
7 


- 830 
84* 
847 
8S4 


+ 4 

4 
4 
4 


- 415 
4.39 
430 
438 


-41 
4» 
41 
41 


0-5075758 
0*5071610 

0*5073329 
0*5072347 


Mean ... 


0-5073261 


Time of Vibration of Mean Pendulum ... 


0*5073966 


Mussooree Gamers Back (Soaw/'s Station). 


16-17 May, 1904. 


138 

140 

>37 
»39 


h m 
14 4 

14 58 

15 57 

16 52 


t 
32839 
.34*662 
33*876 
34*309 


t 

+ 6-93 
6*93 
6*93 
6*93 


/ 

17 
16 

«7 
15 


14-54 
14-60 
14*56 
14*56 



— o-oi 
o-oi 

O-OI 

0*01 


0-733 
0-733 
0-735 
0*736 


9 

0*5077308 
o- 50731 80 
0-5074905 
0*5073946 


-407 
407 
407 
407 


-8 

7 
8 
6 


- 7n 
7'S 
7«3 
7«3 










- 419 

444 

446 
Mean 


-37 

37 
37 
37 

... 


t 

0-5075725 
0*5071570 
0-5073303 
0-5072337 
0*5073234 


138 
140 
*37 
»39 


3 16 

3 8 
5 6 


3a*838 
.34*664 
33-876 
34*308 


+ 6-93 
693 
6*93 
6*95 


«7 
«7 
14 
«5 


14*43 
i4*6o 

14*70 
14-69 


+ 0-09 
0-09 
0*09 
0*09 


0*733 
0-733 
0*733 
0*733 


0*5077308 
0*5073177 
0*5074905 
0*5073949 


-407 
4d7 

407 
407 


-8 
8 

1 


- 707 
7»5 

JiO 

7»o 


+ 2 
2 
3 
3 


- 4«9 

444 
435 
444 


-37 

37 
37 
37 


0*5075732 
0*5071568 
0-5073303 
05072337 


Mean ... 


0*5073235 


Time of Vibration of Mean Pendulum ... 


0*5073234 


• 17-18 May, 1904. 1 


»39 
«37 
140 
138 


»3 48 
14 4* 

16 34 


34'.344 
33-893 
34*685 
3»-85i 


+ 6'94 
694 
6*94 
6-94 


"5 
«4 
*5 
»7 


13-69 
13-90 

«3*99 
1408 


+ o*i3 
0-13 

0-13 
0-13 


0-737 
0-736 
0*736 
0*734 


0-507.3868 
o- 5074866 
o-5073'3i 
0-5077278 


-407 
407 
407 
407 


-6 

5 
6 
8 


686 
690 


+ 3 
3 
3 
3 


- 447 

446 
420 

Mean 


-37 
37 
37 
37 


0*5072303 
0-5073302 
0*5071552 
0*5075719 

o*5073»"9 


»39 
«37 
140 
138 


3 6 

3 6 

4 « 
4S8 


34-.3SS 
33*902 
34-687 
32-855 


+ 6-94 
6-94 
694 
6*94 


16 

«5 


13*46 
«3'72 
«3*9" 
14-03 


+ 0-20 
0-20 

0*20 

0*20 


0-734 
0-7.34 
0-7.34 
0733 


0-5073843 
05074847 
0*5073128 
0-5077267 


-407 
407 

407 

407 


-I 

6 

7 


- 660 
671 
68x 
687 


+ 5 
5 
5 
5 


- 445 
4.36 
445 
419 


-37 
37 
37 

37 


0*5072292 
0*5073294 
05071556 
o-50757»5 


Mean ... 


0-5073214 


Time of Vibration of Mean Pendulum ... 


0-5073217 
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1 

i 



S 

1 

CQ 


h 

.2 fl 


1 
1 

3 


g 
§ 


Tempera- 
tare 


u 

P 


Observed 

Time of 

Vibration 


CorrectioD on account of 


Eednced 

Time of 

Vibration 


a 



to 

1" 


1 

M 







2 


2 
i 

1 


t 




2 

i 


i8 


-19 May, 1904. 1 


»37 
139 

140 


h m 
'3 54 
'4 54 
'5 54 
x6 51 


33-907 

34'3i7 
32-842 
34*66j 


• 

+ 7'io 
7-10 
7-10 
7-10 


1 

'5 
'5 
'7 
14 


14-16 

'4-44 
14-48 
14*60 


•*'0*i3 
0-13 
0-13 
0-13 


0-731 

0*732 
073' 
0-731 


0-5074835 
0-5073927 
0-5077300 

o-S073'83 


-4'7 
4'7 
417 
4'7 


-6 
6 

8 
5 


- 694 
708 
710 

7'5 


+ 3 
3 
3 
3 


- 434 
444 
418 

443 

Mean 


-37 
37 
37 
37 


9 

0-5073250 
0-5072318 
o-50757'3 
0-5071569 

0-5073213 


'37 
139 
'38 
140 


a '5 

3 '5 

4 la 

5 7 


33 894 
34319 
32-841 
34664 


+ 7*io 
7-IO 
7-IO 
7-iol 


'4 
16 
18 
'S 


14-21 
14-42 
'4-59 
14-72 


-I-0M8 
0*18 
0-18 
o-i8 


0-73' 
0-730 
0-730 
0-730 


0-5074862 
0-5073923 
0-5077301 
0-5073177 


-4'7 
417 
417 
4'7 


-5 
7 
9 
6 


- 696 
707 
7'5 
721 


+ 5 
5 

5 
5 


- 434 
442 
4«8 
442 


-37 
37 
37 
37 


05073278 
0-5072318 
0'50757'o 
0-5071559 




Menu .., 


■ t; 7 3 1 1 6 




Time of Vibffttion of Mean Pcndulmn ... 


5073214 


Detira I 


Dun— (flas 9 n''s 5taI/on), ^ 


137 
"39 
138 
140 


h m 
'4 37 
'5 34 
'6 33 
'7 35 


t 
34" '30 
34*575 
33-075 
34-9»3 


9 

-2-34 

234 

2-34 

234 


9 

'4 

'4 
'4 
'5 


28 -^ 8 
28*14 
28-02 
27-86 


-o-n 
on 
o-ii 

O'll 


0-822 
0-822 
0823 
0-823 


37-3S May 

* 

0-5074338 
o" 5073367 
0-5076746 
0-5072626 


, 1904. 

•<-'37 
'37 
'37 
'37 


-5 
5 
5 
6 


-138 1 
'379 
'373 
^365 


•- 3 
3 
3 
3 


- 488 

498 

47» 

499 

Mean 


-29 
29 
29 
29 


9 
0*5072569 
05071590 
05075002 
0-5070861 

0-5072506 


'37 
139 
«38 
140 


2 45 

3 41 

4 40 

5 35 


34- '24 
34-563 

33 066 

34 905 


-2*34 
2-34 
2-34 
2-34 


'3 
'5 
»3 
'5 


28'10 

28-57 
28 96 
29-31 


+ 0-42 
042 
0-42 
0-42 


0-819 
0-817 
0-814 
813 


0-5074352 
0-5073393 
0-5076768 
0-5072663 


+ 137 
«37 
'37 
'37 


— 5 
6 

5 
6 


-*'377 
1400- 

J419 
'436 


+ 11 
II 
11 

IX 


- 486 

495 
466 

493 


-29 
29 
29 
29 


0-5072603 
0-507 161 1 
05074997 
0-5070847 




Mean ... 


o-50725'4 




Time of Vibration of Mean Pendulum ... ' 0*5072510 




28-29 ^^*^7» '904. 


140 
'38 
'39 
'37 


14 36 
'5 37 
16 38 
'7 33 


34-907 
33*055 
34-550 
34- '04 


-2-34 
2-34 
2-34 
2-34 


16 
12 
'7 
'5 


28*57 
28-4» 
2816 
27-90 


-0-24 

0-24 
0-24 
0-24 


0-822 
0-824 
0822 
0824 


©•5072658 

0-5076795 
0-5073421 

0-5074397 


+ 137 
'37 
'37 
'37 


-7 
4 
8 
6 


-1400 
'302 
1380 
'367 


- 6 
6 
6 
6 


- 498 
47' 
498 
489- 

Mean 


-29 
29 
29 
29 


0-5070855 
0-5075030 

o-507'637 
0-5072637 

0-5072540 


140 
138 
'39 
'37 


3 48 

4 43 

5 4» 


34-9'4 
33-058 
34-546 
34-099 


-2-34 
2-34 
2-34 
2-34 


'5 
'7 
'5 
14 


28-46 
28-84 

29-'5 
2938 


+ 0-33 
0-33 
033 
0-33 


0-819 
0818 
0-817 
o-8i6 


0-5072647 
0-5076786 
0-50734.S0 
0- 5074407 


+ '37 
'37 
'37 
'37 


-6 
8 
6 

5 


-»395 
•413 
1428 
1440 


+ 8 
8 
8 
8 


— 496 
468 
495 
485 


-29 

29 
29 
29 


05070866 

0-5075013 
0-507 161 7 

0-5072593 




Mean 


0-5072522 




Time of Vibration of Moan Pendulum ... 


0-5072531 


'37 
'39 
'38 
140 


16 58 

'7 S3 


33-973 
34-409 
32-933 
34-773 


+ 3-90 
2-90 
2-90 
2-90 


II 

'4 
14 


28-21 
27-91 
27-65 
2754 


-0*24 

0-24 

0-24 

0-24 


0-826 
0827 
0-828 
0-827 


2-3 June, 
0.5074687 

0*5073727 
0-5077081 
0-5072946 


1904. 

-170 

170 

170 

170 


-C 

7 
5 
5 


-1382 
1368 
'355 
'349 


f- 6 
6 
6 
6 


- 49' 

501 
474 
501 

Mean 


-29 
29 
29 
29 


0-5072603 
05071646 
0-5075042 
0-5070886 

0-5072544 


«37 
'^9 
'38 
140 


3 

3 53 

4 54 

5 50 


33-985 
34-415 
32-927 
34- 763 


+ 2-90 
2-90 
2-90 
290 


14 
16 
16 
'4 


28-6, 
28-88 
28-^8 
28 69 


—0-06 
o*o6 
0.06 
o-o6 


0-819 
0-820 
0*823 
0-820 


0-5074660 

o-50737'3 
0*5077096 
0-5072963 


-170 
170 
170 
170 


-5 
7 
7 
5 


-1403 

'4*5 
1400 
1406 


— 2 
2 
2 

% 


- 486 
497 
47» 
497 


-29 
29 
29 
29 


0-5072565 
o-507'593 
0*5075017 
0*5070854 




Mean ... 


0*5072507 




Time of Vibration of Mean Pendulum ... 


0-5072526 
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Table I. Details of the Observationg — {Continued). 



a 

9 

1 


i § ' 
GQ 


s 

11 


M 
§ 

1— < 



2 

< 

'b 

s 

1^ 


Tempera* 

tur© 


Li 
< 


Observed 

Time of 

Vibration 


Correction on account o£ 


Heduced 

Time of 

Vibration 


1. 






1 



3 


g 




1 


s 


(5 


2 

1 






3.4Juna, 1904. 


140 

'37 


il tn 
'S 
'5 57 
i6 52 

'7 47 


s 

34-778 
32-948 

34* 436 
34011 


9 

+ 2-99 
2*99 
2'99 
299 


/ 

'4 
«5 
16 


27-74 
27 '49 
27-24 
27-02 


e 

— 0*26 

0*26 

0*26 

0-26 


0*826 
0827 
0827 
0828 


s 
o- 5072932 

0-5077047 
0*5073667 
0*5074601 


-,76 
176 
,76 
176 


7 

6 


-'359 
'347 
'335 
'324 


- 6 
6 
6 
6 


- 501 

473 
50' 
492 

Mean 


-29 
29 
29 
29 


0-5070856 
0-5075010 
0*5071613 
0*5072568 

o-5o725'2 


140 
138 
139 
'37 


3 6 

4 7 

5 4 

6 6 


34-776 
32-930 
34-399 
33 947 


+ 2*99 
299 
2.99 
2-99 


'5 
16 
16 
16 


28.39 
28 '95 
29-47 
29 94 


+ 0-52 

0-52 
0-52 
052 


o-8i8 
0*814 
0*813 
o-8ii 


0-5072937 
0.5077090 

05073750 

0-5074745 


-176 
176 
,76 
176 


-6 

7 
7 
7 


-'39' 
1419 
'444 
1467 


+ '3 
'3 
'3 
'3 


- 496 
466 

493 
482 


-29 
29 
29 
29 


0*5070852 
0-5075006 
0-5071614 
05072597 






Mean ... 


o-5o725'7 






Time of Yibntion of Mean Pendulum ... 


0*5072514 






4-S June, 1904. | 


'39 
'37 
140 

'38 


'S ' 
'5 58 
'6 57 
»7 54 


34-390 
33-956 
34-750 


+ 3-43 
3*43 

. 3-43 
3-43 


»5 
'4 
15 
16 


28-80 
2848 

28-45 
28 28 


-014 

0-I4 
0-14 
0-I4 


0823 
0823 
0822 
0823 


0* 5073768 

0-5074726 
0*5072993 
0-5077108 


—201 
201 
201 
201 


-6 

5 
6 

7 


-14" 
1396 
'.=^94 
1386 


- 4 
4 

4 


- 499 

489 

49» 

47' 

Mean 


-29 

29 
29 

29 


0*5071618 
0*507 2602 
0*5070861 
0*5075010 

0-5072523 


'39 
'37 
140 

'38 


3 «3 

4 7 

5 3 

6 4 


34-403 
33 953 
34-729 
32-888 


+ 3*43 
3-43 
3-43 
3-43 


'5 
'5 
'5 
M 


29*16 
29*62 
30 07 
30-43 


+ 043 
0-43 
0-43 
0-43 


0-814 
0*8.3 
o*8ii 
o'8io 


0- 5073 740 

0507473' 
0-5073036 
0*5077190 


-201 
201 
201 
201 


-6 
6 
6 
5 


-1429 
'45' 
'473 
149' 


+ II 
II 
II 
11 


- 493 
483 
49 » 
463 


-29 
29 
29 
29 


o-507'593 

0-5072572 

0-5070847 
0*5075012 






Mwn ... 


0*5072506 






Time of VitTfttiou of Mean Feodnltitn .,. 


O507251& 
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The value of g at Dehra Dun. 



As Delira Diin is to be the Base statioti for all the Indian Pendalam work, a ralue of g 
must be adopted for it in terms of which g at all other stations shall be expressed. 

At Kew, where the value 981*200 has been accepted^ we have {Vide Chap. I) the follow- 
ing times of vibration of the pendulums : — 



Pendulum 


137 


138 


139 


140 


Mean 


Time of vibration 


0*6067070 


0-6069490 


0*5066104 


0-6065339 


0-5067001 



At Dehra Dun in January and February 1904^ we have the following values :-^ 
Table II. Time of Vibration at Dehra Dun. 



Dafce 


137 


138 


139 


140 


Mean 


1904 
January ... 25-26 

26-27 

... 29-30 

FebruaiT ... 3-4 

... 4- 5 

... 5- 6 


9 
0*5072600 
0*5072606 
0-5072597 

0-507259' 
0*5072605 
5072596 


9 
0-5075013 
0-5075014 
0*5075018 

0-5075014 

0*5075022 

0-5075017 


9 
0*5071630 

0*507 '635 
o-507i62i 
0*5071620 
0*5071627 
0*5071625 


9 
0*5070870 
0-5070867 
o- 5070862 
0*5070866 
0*5070871 
0*5070876 


9 
05072528 
o- 50725.^0 

0-5072525 
05072523 
0-50725.^1 
0*5072528 


Mean 


0*5072599 


0-5075016 


0*5071626 


0*5070869 


o- 5072528 


Diif. from Kew 


5529 


5526 


5522 


55.SO 5527 1 



The May and June observations produced another set of values, namely :— 
Table III. Time of Vibration at Dehra D4n. 



Dafce 


137 


138 


139 


140 


Mean 


1904 
May ... 27-29* 
Juno ... 2-3 
... 3- 4 
... 4. 5 


9 

0*5072601 

0-5072584 
0.5072582 
05072587 


9 

0*5075011 
0-5075030 
0*5075008 
0-5075011 


a 

0*5071614 
0*5071620 
0*5071613 
0*5071606 


9 

0*5070858 
0.5070870 
0*5070854 
0-5070854 


9 

0*5072521 
0*5072526 
0*5072514 
o-50725»5 


Mean 


0*5072589 


0*5075015 


0*5071613 


0*5070859 


0*5072519 


DifP. from Kew ... 


5519 


5525 


5509 


5520 


55'8 



There is thus a difiTerence of 9* x 10~^ between the reduced times of vibration of the mean 
pendulum as determined by the first and second series of observations respectively. 

For the deduction of g the first series of values will be used, firstly because these observa- 
tions were made immediately after the arrival of the pendulums in India, so that there is less 
probability of any change having taken place in the lengths of the pendulums, and secondly 
because the average temperature during the January and February swings was very nearly the 
same as it had been at Kew, whereas during the May and June swings it was much higher. 

* Aff no itan were obeerved on ICay 28th the Fendulom obierration* of 27th^ 28tb and 29th are treated u one eel; 
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The actual mean temperatures were : — 

At Kew (taking account of the combination-weights of the several series of obsenra- 
tions) ... ... ... ... 14°1 C 

At Dehra Ddn in January and February ... 18 '4 „ 

At Dehra Dun in May and June ... 28 '5 ^^ 

The coefficient of the temperature correction is 49* x 10"': an error of one per cent in this 
number would thus produce a difference of about 8* x 10""' between the two values of the time 
of vibration found at Dehra Dun. 



Computing by the formula 



8*0^0 = sV 



and using the figures of Table 11^ we have for the value of g at Dehra Dun :— > 

Pendulum 137 138 139 140 

g at Dehra Dun 979 • 062 979 • 064 979 • 064 979 • 061 



Mean Value of g at Dehra Dun 



979 063 



For the present the value 979 063 will be adopted^ but the determination cannot be con- 
sidered complete until the pendulums have beea taken back to Kew and swung there again. 



Values of g at the other stations of 1904. 

For the computation of g at the other stations the mean of the two sets of times of vi- 
bration at Dehra Dun will be employed. 

Table IV. Deduction of g. 



Pendulum 



137 



188 



139 



140 



Mean 



Time of vibration 



Dehra Dun. 
0-5072594 I 0-5075016 I 0-5071620 



0-5070864 1 0-5072524 



Time of vibration 
Difference from Dehra Dun 

g 



0-5074612 

+ 2018 

978-284 



0-5077053 

+ 2037 

978-277 



Madras. 

0-5078646 

+ 2026 

978-281 



0-5072910 

+ 2046 

978-273 



0-5074555 

+ 2031 

978-279 



Time of vibration 
Difference from Dehra Dun 
9 



0-5073714 

+ 1120 

978-631 



0-5076143 

+ 1127 

978-628 



Colaba. 

0-5072738 

+ 1118 

978-631 



0-5071981 

+ 1117 

978-631 



0-5073644 

+ 1120 

978-631 



Time of vibration 
Difference from Dehra Dun 

g 



Mussooree (Dunaeuerick). 



0-5073334 

+ 740 

978-777 



0-5075764 

-+-748 

978-774 



0-S072359 

+ 739 

978-777 



0-5071612 

+ 748 

978-773 



0-5073267 

+ 743 

978.776 



Mussooree (Camei'e Back). 



Time of vibration 
Difference from Dehra Dun 
9 



0-5073288 

4 694 

978-795 



0-5075719 

+ 703 
978-791 



0-5072318 

+ 698 

978-793 



0-5071562 

+ 698 

978-793 



0-5073222 

+ 698 

978-793 



The agreement b^ween the results by the different pendulums is on the whole satisfactory, 
and there is no evidence of a change in the length of any of the pendulums which could not with 
equal probability be ascribed to accidental error. 

Digitized by V^OOQ IC 



55 

Comparison with Theoretical Values. 

In Chapter I the steps that have to be taken in order to find the ralne of the force of gra- 
vity at a point above the sea level in a given latitude are enumerated^ and the theoretical vidue^ 
based on an acceleration of 978*000 C. O. S. at sea level at the Equator^ was deduced both 
for Kew and Greenwich^ using Mr. Strahan's analysis of the underlying strata. In India it 
will^ at any rate for the present^ be more convenient to assume that all masses and strata have a 
density of 2*8^ i.e. the mean surface density^ and by comparing the observed and computed 
values of the force of gravity^ to ascertain where the actual density exceeds or falls short of this 
mean. 

The difference between the observed and computed values of gravity is therefore the num- 
ber that we are in search of. 

It obviously leads to the same result whether we take the theoretical value for the latitude 
in question and apply corrections to allow for the height of the station above sea level, or apply 
these corrections with reversed signs to the observed value and so obtain a number which can be 
compared with the theoretical value at sea level. 

The second is the more convenient procedure, as we thus obtain a series of normal values 
increasing with the latitude, and independent of the heights of the stations. 

The Orographical Correction. 

Correction No. 4 of Chapter I — the orographical correction — must now be dealt with. 

The question has been very fully gone into in Volume V of The Account of the Operaiiont 
of the G. T. Survey of India, and the elaborate computation of the correction for Basevi's Mus- 
Booree station is given in detail. 

The method of treatment which I have adopted is that shewn in para. 6 on p. [187] of the 
above mentioned volume, but I have throughout first applied the correction which would be appro- 
priate jif the station was situated on an infinite plain, and then computed the effect of the inequality 
of the surface and applied it as a secondary correction. This plan has the advantage that the 
station is situated in the plane of the upper surface of every zone or block which has to be con- 
sidered, and this renders the calculations of the attractions very simple. 

Masses which stand above the horizontal plane through the station have been imagined 
to cancel equal masses below it, and thus the station has always been made the highest point of the 
region, except indeed where it was simpler, as in the case of stations at the foot of hills, to consider 
that all masses were standing above this plane. The computation is precisely the same in both 
cases. 



station Level 



In the diagram the shaded portions shew the masses whose attraction on the station is 
imagined cancelled by that of the hUl tops standing above the infinite plain. 
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The formula employed is the ordinary one for the attraction of a cylinder upon a point 
in its axiSj namely : — 

where G =: acceleration due to the attraction of unit mass at unit distance 

= density of mass 
r = radius of cylinder 
h = height of cylinder 
e = height of attracted point above the cylinder's upper surface. 

Hence the attraction of a hollow cylinder of which the inner radius is r^, the outer r^ and 
the height h, on a point situated in its axis and in the plane of its upper surface is 

Z^2irGe {r^^r^- (^VfVk^- ^/VfT^l?\\ 

The attraction of a sphere of radius R and density 6' on a point on its surface is 
^ir G 6' Ry which in the case of the earth is called g. 

Hence |= |- . |, . ^(r^ - r, - (v^^TTA^ - ^TfVW)^ 

and putting ^ =-4. U = 20,900,000 ft. and ^ = 978 cwi 

Z - 0-000035 {r^-r^- (yr,* + A» - Vr^* + *')} * • ' (^) 
Expanding the roots the expression in brackets becomes 

If the second term" is not greater than about 2 per cent of the first it may be neglected. 
When r is equal to 5A this condition will ordinarily be satisfied, even where the slopes are very 
steep. 

For the immediate neighbourhood, therefore, of the stations of observation formula (1) 
has been used, and for the more distant parts 

Z= 0-000035 X i-ftsf—-—) (2) 

The Diuision of the Region into Zon^. 

No fixed rule has been followed in deciding upon the radii of the successive zones, much 
depends upon the maps available and upon the steepness of the slopes in the neighbourhood of 
the station. 

If only small scale maps are available, or if the immediate surroundings of the station are 
fairly level, it is useless to divide up the region into narrow zones. 

Mussooree (Dunseverick) was the first station for which the orographical correction had to 
be computed and I adopted nearly the same radii as Captain Basevi had used in dealing with his 
station. Some of his radii gave very awkward quantities, and as they possessed no important 
advantages I abandoned thqm for round numbers of feet or miles. The number of zones is 
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certainly unnecessarily large and I kept them for the sake of being able to make a comparison 
between his method of computing and that which I have adopted, and also in order to see whether 
my estimation of heights would in any degree accord with his. The maps of the country to the 
north of Mussooree are extremely defective and the estimation of mean heights was mere 
guess-work^ so there was room for wide divergence of opinion. 

Captain Basevi broke up his zones into blocks by drawing radii at 20® intervals up to a 
radius of 1320 feet, and thereafter at 10° intervals, thus making 18 and 36 portions respectively; 
I considered this a needlessly large number and divided my zones into 8 blocks up to a radius 
of 500 feet, into 12 from 500 feet to 1600 feet, into 16 from 1600 feet to 3 miles, and into 24 
from 3 miles to the limits of the investigation. 

The mean height of each block was estimated by the best means at hand, but outside a 
radius of 2 miles a considerable portion of each zone lay in country of which only small scale 
maps exist. These maps contain very few heights and those that there are almost always refer 
to peaks^ so that the general level is extremely difficult even to guess at. 

Estimating the heights of the blocks is by far the longest part of the operation, but 
even after this has been done the computation^ so long as formula (1) has to be used, is sufficiently 
tedious. 

Strictly speaking the effect of each block should be computed and the mean taken: it is 
not correct to take the mean height of the zone and compute the attraction of the resulting 

cylinder. This is easily seen from the formula, for — S A^ is not = A^*, where Aq is the mean of 

n values of k; the physical meaning is that when we imagine a zone brought to its mean height by 
levelling, the process implied is the cutting off of all the heights and the filling up of tlie hollows, 
thus all the high masses are placed at a lower level and none at a higher. Clearly, the more 
nearly under the attracted point a mass is, the greater will be the vertical component of its 
attraction, thus a levelled zone exerts a greater vertical attraction than the natural zone. 
The diagram illustrates this : it represents a section through a pendulum station P. 
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We desire to compute the attraction of the zone enclosed between circles of radius P A 
and P B respectively^ that is tc^ say of the irregular cylindrical mass which is seen in section at 
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A S T B and A' S' T' B'. If C D D' C be the surface when the irregnlaritiea are all levelled 
up, we see that we have in efEect cut off the two speckled heights and filled up the shaded hollows, 
and clearly, as far as height is concerned, the shaded portions are more favourably placed for 
exerting a vertical attraction on P than are the speckled ones. It is true that in the left hand 
portion the speckled mass has been removed to a greater distance^ and that in that respect 
its effect has been reduced, but the reverse is the case in the right hand portion, and on the whole 
the lateral displacements will as often be inwards as outwards and no systematic error will be 
produced. 

Thus every time that we take a mean height we increase the vertical attraction of the 
masses standing on sea level^ and decrease that of the difference between the actual mass and the 
corresponding portion of the cylinder boimded by sea level and by a horizontal plane through the 
station; that is to say, when we take A B C D instead of A B T S the substitution always involves 
a loss of efficiency. 

In the diagram P is the highest point: to consider the case of a valley station we have only 
to turn the section upside down; then the masses we have to deal with are those that lie above the 
plane of the station; he|e the shaded portions are supposed to be cut off and the speckled ones 
filled in, which has the effect of reducing the vertical attraction of the mass; that is to say, as 
before, A B C D is less efficient than A B T S. 

The removal of a mass from its actual position to one at the same distance but in any other 
azimuth has no effect on the vertical component of its attraction, and we may therefore make 
imaginary displacements of this sort to any extent. I have used this fact in abbreviating the 
computation of the attraction of those zones for which formula (2) cannot be used. 

The method has been to arrange the blocks in order of elevation and then divide them into 
four equal groups; I have then taken the mean elevation of each group and computed the attraction 
of the levelled quarter-zones so formed. 

This has reduced the labour by one-half in the case of the first 6 zones, by two-thirds in 
zones 7 to 14, by three-fourths in 15 to 29 and by five-sixths in the remainder, and, as by this 
means very large vertical displacements have been avoided, a fair approximation to the truth has 
been obtained. 

Limits of the Inoeatigqtion. 

It will be observed that the investigation has not been carried beyond a radius of 85 miles. 
In Basevi^s calculation the enquiry is carried to much greater distances, but the advantage of this 
may be questioned, while the labour involved must be considerable. 

Examining Basevi's figures (p. [173] of Vol. V. Op. G. T. 8.) we see that the total effect 
of all the masses standing above sea level is 

9*5536 vibrations per day. 

If N be the number of vibrations per day made by his pendulums, 

patting ff = 978 and Nss 86012 

we have^ if (£Y s 9 '6586, 

dff= 0-02274 X 9-6586 
» 0-2171 
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Now the attraction of an infinite plain 6920 feet high is 

i. ^ 
4 ^ /e 

Hence the difierence obtained^ using all Basevi's zones^ is 

0-0262 

If we omit the zones beyond 85 miles^ taking a proportionate part of the zone between 
29 * 4 and 87 * 6 miles^ dN becomes 9 * 4318 and dg * 2142^ and the difference between this and the 
attraction of the infinite plain is 

0-0291 

Thus by omitting the outer zones a difference of 0*0029 in the orographical correction is 
produced. 

This difference is not very large^ its amount is not very certain and yet to obtain it a great 
deal of trouble must have been taken and many maps must have been examined. 

If instead of analysing the country outside the 85-miIe radius in detail^ we look at it in a 
general way and assume that a plain 6920 feet high and of indefinite extension occupies the nor- 
thern half/and that the southern half 'is all at sea level we shall obtain the following figures. 

cm 

Attraction of infinite plain 6920 feet high all round ... ... * 2433 

,i „ disc of same height 35 miles in radius ... .^. 0*2378 

Difference = attraction of plain outside 35-mile radius ... ... 0*0055 

' Half difference ... ... ... ... ... 0*0028 

Attraction of 35-mile disc + half outer plain ... ... ... 0*2406 

J, y, actual masses within 35-mile radius ... ... 0*2142 

Difference = orographical correction ... ... ... 0*0264 

„ „ by Basevi's analysis... ... 0*0262 

In this case therefore the approximate method is justified and it will in many instances be 
found possible to make some simple generalisation which will take sufficient account of all but the 
nearest masses. 

The Effect of Curvature. 

No account has so far been taken of the curvature of the earth's surface^ nor is it intended 
to do so. The effect of applying the corrections which are under discussion is to produce a value 
of ff at sea level which shall be comparable with y^ the theoretical value depending on the latitude ; 
as we recede from the station the effect of the surface masses^ conceived as lying on a plane tangen- 
tial to the spheroid, becomes rapidly smaller^ and at a distance of 100 miles^ or so becomes insen- 
sible. Up to this distance the effect of the earth's curvature is inappreciable. Beyond this the 
curvature becomes the most important element in producing a vertical attraction at the station of 
observation^ but the difference in the attraction of such distant masses on the station and on a 
point at sea level vertically below it is now so small as to be negligible^ audit is this difference that 
is required when we are reducing to sea fevel. Hence neither for proximate nor for distant masses 
should the effect of curvature be taken into account.t 

* A block 1 mile Ligh occupying 80° of a zone the inner radius of which is 100 miles and the outer infinite, exert* 
a Tertical attraction of 0*000,077 C. G. 8. on a station at sea leTol at the centre of tlie zone. 

t Cf. Vol. v. Op. (?. r. S. page [189] et. seq. and " Die Schwerkraft im Hochgebirge" by Prof. F. B. Helmert, p. 29. 
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The Orographieal Correction at Mussooree (Dunaeoerich). 

In Tables VI & VII, the figures relating to the orographieal correction at Dunseyerick 
are given. AA is the difference between the height of the quarter-zone, formed according to 
the method explained above, and the height of the station. In the column with the heading 
'' effect " is shewn the value of the quantity 



{^s-*-!- (yJ7+AA^-V^i* + AA«)} 



this number when multiplied by 0-000085 gives the value of the attraction of a complete cylinder 
of height AA, therefore the mean of the four '^effects^'is the measure of the sum of the attractions 
of the four qdarter-cyUnders. 

After zone 31 the simpler formula (2) has been used and it has not been necessary to group 
the blocks, for the computation in full is quite short. Here the quantity '^efiect'^ has the same 
meaning as before : it is equal to 

4 X ^ X (J-- 1-) X 00001894 
2 n \ Ti r J / 

The factor 0*0001894 is required because here r^ and r, are expressed in miles. 

!Pinally the sum of all the effects is taken, and this, multiplied by -000035, is the difference 
between the attraction of a disc 85 miles in radius and 7129 feet thick and the actual attraction of 
the existing masses within the same radius. 
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Table VI. Orographical Correction at Mustooree {Dumeverick). 

Eeight 7129 feet. 



No. 

of 

Zone 


Inner 
Radius 


Outer 
EadiuB 


AA 


Effect 


Mean 
Effect 


^0. 

of 

Zoue 


Inner 
BadiuB 

• 


Outer 
Badius 


A^ 


Effect 


Mean '. 
Effect! 


1 


feH 
150 


feet 
200 


feet 
5 

39 

58 


CO 
1*2 
2*0 
2-6 


»'5 


17 


feet 
2000 


feet 
2200 


feet 

339 
530 
707 
895 


2-6 
5*9 

i6'o 


1 
) 

; 

8-8 j 


2 


200 


250 


26 
49 

96 


04 

2-7 

4*0 


2*1 


18 


2200 


2420 


394 

763 

9S«? 


60 
ll-l 
16-7 


9-3 


8 


350 


300 


96 
129 


0-3 

1*2 

2*8 

4*7 


2-3 


19 


2420 


2640 
(t mile) 


425 

599 

831 

1009 


30 

5-9 

ii-o 

«S-6 


i 

^ 8*9 i 


4 


300 


350 


46 

84 

131 

]6i 


1-6 
3'» 
5*a 


2-6 


20 


2640 


3300 
(* mile) 


478 

682 

967 

1 180 


7*5 
170 

32-7 
47*1 


261 ; 

1 


5 


350 ; 


400 


56 

146 
201 


o'6 
a'4 
3-4 
5*9 


31 


21 


3300 


3960 
(} mile) 


482 

793 

"55 

1380 


5-8 
^5*3 
3'-3 

43-3 


n-9 : 


6 


400 1 


500 


84 
151 
199 
»58 


1-7 

S'3 

8-7 

13-3 


7-3 


22 


3960 


4620 
(t mile) 


573 
830 

IOS5 
1430 


5-8 
12*1 
192 
34- 1 


17-8 


7 


500 


600 


78 
186 
236 
336 


i*o 

5*3 
8-2 

M-7 


?-3 


28 


4620 


Sa8o 
(1 mile) 


605 

963 
1242 

1493 


49 
I2'2 
199 
28-3 


163 


8 


600 


700 


93 

264 
379 


4*» 

7'4 

>3*7 


6-6 


24 


5280 


6600 
(li milee) 


830 
1130- 

1405 
1580 


120 
236 

35'9 
44-8 


»9'3 


9 


700 


800 


96 
209 
313 
441 ' 


0-9 

3-6 

7'8 

137 


6-5 


26 


6600 


7920 
(li mUes) 


855 
"55 
1605 
1880 


92 
>9-5 
3»'4 
42-4 


»S-6 


10 


800 


900 


119 

369 
499 


I'O 

3-6 

8-3 

13-9 


«-7 


26 


7920 


9240 
(If miles) 


830 

»455 
1780 
3205 


6-2 

186 

277 

. 41-8 


»3'6! 

: 
1 


11 


900 


1000 


264 
426 

.i;43 


1*4 
3*6 

8-7 
131 


«-7 


27 


9240 


10560 
(2 miles) 


730 

1430 

2005 

«555 


X3'6 
26-4 

42-2 


21*5 ! 

J 


12 


1000 


laoo 


179 

3H 

486 : 
63T 


2-8 

8-3 
17-2 
266 


13-7 


28 


10560 


13200 
(21 miles) 


580 
14.^ 
2680 
3180 


3* 
19*^2 

6s-5 
908 


1 

44-7 i 

1 


■ 

18 


1 300 


1^00 


214 
398 

724 


2-6 

8-8 

14-6 

as -4 


i»-9 


29 


13200 


15840 
(8 miles) 


480 
1505 
a855 
35« 


1-5 
142 

500 
7^-3 


35'5 


( 14 


1400 , 


1600 


249 
436 . 
S68 
77 c 


. 2-6 

80 

13*0 • 
a2'2 


ii'S 


80 


15840 


21120 
(4 mUes) 


1033 
2000 
2850 
3783 


8-4 

31-2 

63*0 

109-4 


53-0 


15 


1600 


1800 


301 
430 


io'7 
20*0 


lO'O 


16 


1800 


9000 


304 
477 
642 
864 


2-6 
6-0 

II'O 


9-4 


81 


21120 


26400 
(6 miles) 


1200 
1967 
3033 


6-8 
i8-2 
43 
76*6 


36-J 
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Table VII. Orographical Correction at Mussooree (Dunseverick). 

Eeight 7129 feet. 



Zone 32 


Zone 88 


Zone 34i 


Zone 85 


Zone 86 


U 


6 Miles 


n 


6MUes 


n 


7 Miles 


n 


84 Miles 


n 


lOMUes 


^i 


6 ,, 


rt 


7 „ 


«'2 


8i „ 


♦•2 


10 .. 


^t 


12 „ 




0*200 


1 


0167 


2. 


0-148 


2. 


0-118 


1 


0100 


2. 


0-167 


Jl^ 


0143 


1 


0-118 


1. 


0-100 


1 


0-088 


A^ 


{Lhy X 10-* 


AA 


(Afc)« X 10-* 


AA 


(AA)2 X 10-* 


Lh 


(AA)» X 10-* 


HlK 


(AA)» X 10-* 


feet 
8oo 


64 


feet 
600 


36 


feH 
2600 


676 


feet 
2600 


676 


feei 
1100 


121 


300 


9 


500 


n 


900 


81 


700 


49 


IIOO 


121 


1100 


121 


1300 


169 


700 


49 


IIOO 


121 


1500 


aas 


3I0O 


441 


1600 


256 


1400 


196 


1400 


196 


600 


36 


1600 


256 


2100 


441 


1800 


3H 


1400 


196 


IIOO 


121 


1300 


169 


1900 


361 


1700 


289 


1600 


256 


1400 


196 


Soo 


64 


800 


64 


800 


^^ 


700 


49 


700 


49 


1700 


289 


2100 


441 


300 


9 


IIOO 


121 


1300 


169 


2400 


576 


2900 


841 


1600 


256 


2600 


676 


1600 


256 


3S00 


1225 


3900 


1531 


3100 


961 


3600 


1296 


3»oo 


961 


4200 


1764 


4300 


1849 


4300 


1849 


4SOO 


2025 


4300 


1849 


4500 


2025 


4600 


2116 


4700 


2209 


4900 


2401 


5000 


2500 


4300 


1849 


4500 


2025 


4700 


2209 


4900 


2401 


5000 


2500 


4400 


1936 


4600 


2116 


4900 


2401 


5100 


2601 


5100 


2601 


4200 


1764 


4S0O 


2025 


4800 


2304 


5100 


2601 


5300 


2809 


4200 


1764 


4500 


2025 


4800 


2304 


5000 


2500 


5200 


2704 


3800 


1444 


4200 


1764 


4500 


3025 


4900 


2401 


5100 


2601 


2600 


676 


3100 


96, 


3800 


1444 


4400 


1936 


4900 


2401 


600 


36 


600 


36 


2600 


676 


3600 


1296 


4500 


2025 


1600 


256 


600 


36 • 


3500 


1225 


3900 


15" 


4300 


1849 


3600 


1296 


3900 


15" 


2800 


784 


2300 


529 


3100 


961 


3100 


961 


3600 


1296 


4100 


1681 


2100 


441 


2100 


44« 


IIOO 


121 


1600 


256 


3100 


961 


3100 


961 


2800 


784 


600 


36 


1600 


256 


3100 


961 


2100 


44» 


2100 


441 


Mean 


798 


Mean 


935 


Mean 


1081 


Mean 


"54 


Mean 


1197 


Effaot 


24-9 


Effecfc 


21-3 


Effect 


25-6 


Effect 


19-7 


Effect 


193 
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Table VII. {Continue^. 



Zone 37 


Zone 38 


Zone 39 


Zone 40 


Zone 41 


Zone 42 


♦•i 


12 Miles 


n 


14 Miles 


♦•i 


17 Miles 


n 


20 MUes 


n 


25 Miles 


n 


SO Miles 


^i 


14 ,. 


U 


17 „ 


^1 


20 „ 


r% 


25 „ 


*■» 


30 „ 


♦"2 


86 „ 


1^ 


- 0083 


1 


0-071 


J. 


0059 


1^ 


0-050 


1^ 


0-040 


1 


0.038 


1 


0071 


J. 


069 


2 


050 




0-040 




0033 




0029 


Ah 


(A*)«xl0-"* 


Ah 


(A*)»x 10-* 


Ah 


(aA)* X 10-* 


Ah 


(AA)»xl0-* 


Ah 


(AA)2xlO-* 


Ah 


(A*)«xlO-* 


3100 


961 


feet 
1600 


«56 


feet 
1 100 


121 


feet 
800 


64 


feet 

IIOO 


121 


feet 
900 


81 


1600 


«S6 


900 


81 


1 100 


121 


800 


64 


1600 


»S6 


900 


81 


500 


as 


1600 


256 


1 100 


I2f 


600 


36 


IIOO 


121 


IIOO 


121 


1100 


121 


1100 


I2X 


2100 


441 


2100 


441 


1600 


^ »S6 


2100 


441 


800 


64 


1600 


256 


3100 


961 


900 


81 


IIOO 


121 


1600 


256 


1100 


121 


1600 


256 


2600 


676 


2100 


441 


1600 


as6 


1600 


256 


1 100 


121 


1000 


100 


1600 


256 


2100 


441 


IIOO 


121 


1600 


256 


1300 


169 


1600 


256 


2100 


44« 


x6oo 


256 


1600 


256 


IIOO 


121 


1300 


169 


2100 


441 


1600 


256 


2 100 


441 


1600 


256 


IIOO 


121 


1600 


256 


3100 


961 


3400 


1156 


4100 


168 1 


4100 


1681 


IIOO 


121 


3600 


1296 


4900 


2401 


5200 


2704 


5400 


2916 


5900 


3481 


4600 


2116 


4300 


1849 


4900 


2401 


S400 


2916 


5700 


3249 


5300 


2809 


5800 


3364 


5200 


2704 


4800 


2304 


4900 


2401 


4800 


2304 


SSOO 


3025 


5700 


3249 


5200 


2704 


4600 


2I16 


4600 


2116 


5600 


3136 


5800 


3364 


6000 


3600 


5100 


2601 


5000 


2500 


4600 


2116 


5200 


2704 


5800 


3364 


6000 


3600 


5300 


2809 


5200 


2704 


4700 


2209 


4700 


2209 


5700 


3249 


6000 


3600 


5300 


2809 


5500 


3025 


5400 


2916 


4700 


2209 


5400 


2916 


5900 


3481 


5300 


2809 


SS^^ 


3025 


5600 


3i36 


5200 


2704 


5700 


3249 


5700 


3249 


5200 


2704 


5500 


3025 


5600 


Z^d>^ 


5300 


2809 


4800 


2304 


5300 


2809 


5400 


2916 


4100 


1681 


4100 


1681 


2100 


441 


1600 


256 . 


4600 


2116 


4100 


1681 


1600 


256 


3»oo 


961 


3600 


1296 


isoo 


325 


1200 


'44 


2600 


676 


2100 


441 


1600 


»S6 


1000 


100 


900 


81 


500 


2S 


2600 


676 


2100 


441 


1600 


»56 


800 


64 


900 


81 


2100 


441 


2600 


676 


1600 


256 


1600 


as6 


1000 


100 


900 


8f 


2100 


44» 


Mean 


1299 


Mean 


1232 


Mean 


1317 


Mean 


1258 


Mean 


1330 


Mean 


1420 


Effect 


148 


Effect 


140 


Effect 


11*2 


Effect 


11-9 


Effect 


8-8 


Effect 


5'4 



Total effect of all zones = 667-6 
Attraction = 667-6 x 0-000035 =: 0-0234 
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Por the region lying outside the 35-mile radius the same assumption may be made as was 
suggested in the case of Basevi's station on the Camel's Back^ namely^ that the northern half 
consists of a plain at the level of the station and that the southern half is at sea level. 

Attraction of infinite plain 7129 feet high ... ... ,.. 0-2510 

Attraction of disc of 35 -mile radius 7129 feet high ... ... '2447 

Difference ... ... ... ... -0063 

Half difference ... ... ... ... -0032 

Hence^ for the reduction to sea level we have 

^^ == + 0-668 

Orographical correction within a radius of 35 miles + 0*023 
„ „ beyond a radius of 35 miles -f 0-003 

Total ... -f 0-443 



Otographioat Correction at Mussooree (Camel's Back). 

Although the correction for the Gamers Back station has been so fully discussed in 
Volume V '^Op. G.T,S.'' yet, for the sake of the valuable test which would be afforded by a 
comparison of the result of an independent computation with that obtained by Baseyi, I redivided 
the surrounding area into zones and blocks and estimated the heights afresh. 

As the distance between the CamePs Back and Dunseverick is so small (under 1 mile) I 
only carried the process to a radius of 3 miles, and beyond that assumed that the blocks coincided 
with those appertaining to the zones round Dunseverick, and accepted the heights which had 
already been estimated. As the Camel's Back station is 200 feet lower than Dunseverick the 
differences in height, which enter into the computation, have of course been altered. 

Tables VIII and IX contain the results arrived at; but the details of the outer zones 
have been given more concisely than was done in the case of Dunseverick. 
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Table Fill. Orographical Correction at JHussooree {CameVt Back). 

Height 6924 feet. 
(Computation using new estimation of heights). 



No. 

of 

Zone 


Inner 
Eadius 


Outer 
Eadius 


AA 


Effect 


Mean 
Effect 


'iSo. 

of 

Zone 


Inner 
Eadius 


Outer 
Eadius 


AA 


Effect 


Mean 
Effect 


1 


feei 

no 


feet 
300 


24 

64 

94 

117 


I 

3 
6 
8 


4-5 


17 


feef 
3000 


feet 
3 300 


405 
703 
824 
924 


4 
11 

14 
17 


"•5 


2 


200 


«5o 


49 

87 

119 

154 


I 

I 

8 


4*5 


18 


3300 


3430 


674 
862 
999 


3 

9 

14 

18 


II'O 


3 


250 


300 


62 
104 

139 

1 94 


3 
3 
5 
9 


4-8 


19 


343c 


3640 
(i mile) 


413 

674 

963 

1086 


3 
7 

'4 
»9 


IO-8 


4 


300 


350 


69 
"4 
162 

209 


I 
3 
5 
8 


4*3 


20 


3640 


3300 
(1 mile) 


412 

813 

1087 

1249 


6 
24 
41 
52 


30-8 


5 


350 


400 


82 
134 
184 
232 


3 
3 
5 
8 


4*5 


21 


3300 


3960 
(f mile) 


349 

824 

1074 

1424 


3 
16 


23 


6 


400 


500 


,07 
167 
212 

254 


10 
»3 


8-3 


22 


3960 


4620 
(4 mile) 


274 

599 

"74 

1612 


3 

6 
23 
43 


18-5 


7 


Soo 


600 


159 
197 

242 
3>4 


4 
5 
8 

13 


7'S 


23 


4630 


5280 
(1 mile) 


262 

549 
1212 

1724 




4 

»9 

37 


»5-o 


8 


600 


700 


209 
237 

277 
367 


4 

6 

8 

13 


7-8 


24 


5280 


6600 
(U miles) 


259 

624 

1324 

2024 


I 
8 

32 
72 


38-3 


9 


700 


•800 


264 

401 


4 

6 

8 

12 


7-5 


25 


6600 


7920 
(limile«) 


237 

874 

1424 

2499 



10 

as 

72 


36-8 


10 


800 


900 


182 

309 
386 

431 


3 
6 

9 
11 


7-0 


26 


7920 


9240 
(U miles) 


324 
974 

1599 
2674 


1 
9 

^1 


nz 


11 


900 


1000 


149 

344 
427 
482 


1 
6 

9 
II 


6-8 


27 


9340 


10560 
(2 miles) 


349 

974 

1874 

2699 


I 
6 

23 
48 


^rs 


12 


1000 


1 300 


159 

402 

479 

$11 


3 

13 

17 
23 


138 


28 


10560 


13200 
(2i miles) 


499 
1649 
2174 
2999 


3 

25 

43 

83 


38^3 


13 


I300 


1400 


169 
479 
552 

714 


3 
13 
16 
24 


I3-S 


29 


13*00 


15840 
(3 miles) 


349 
1634 
3299 
3049 


I 
17 
33 

57 


37.0 


U 


1400 


1600. 


214 
544 
604 
816 


3 
13 
'S 
24 


13-3 


30 


15840 


3II30 

(4 miles) 


830 
1800 
2650 
3580 


5 

55 
98 


45 •» 


15 


1600 


1800 


298 
508 

705 
830 


3 

8 

16 

31 


I3-0 


16 


1800 


2000 


S«9 
769 
913 


3 

9 

14 

30 


II.5 


31 


2II90 


36400 
(5 mUes) 


1000 
1760 
2830 
3860 


S 

15 


S'"5 
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Table IX. Orographical Correction at JUttssooree {CameVs Bach). 

Height 6924 feet. 
(Computation using new estimation of heights). 



No. of 
Zone 


82 


88 


84 


85 


86 


37 


88 


89 


40 


41 


42 


^8 


5 miles 

6 „ 


6 miles 

7 „ 


7 miles 
8* „ 


Si miles 
10 „ 


10 miles 
12 „ 


12 miles 
14 „ 


14 miles 
17 „ 


L7 miles 20 miles 
20 „ 26 ,. 


25 miles 
30 „ 


30milei 
36 „ 




AA 


AA 


AA 


A& 


A^ 


A& 


AA 


Ah 


Ah 


Ah 


Ah 




feet 
6oo 


feet 
400 


feet 
2400 


feet 
2400 


feet 
900 


feet 

1400 


feet 
1400 


feet 
900 


feet 
600 


feet 
900 


feet 
700 




lOO 


300 


700 


500 


900 


300 


700 


900 


600 


1400 


900 




900 


1 100 


500 


900 


1300 


900 


1400 


900 


400 


900 


1900 




1900 


1400 


1200 


1200 


400 


600 


900 


1900 


1900 


1400 


1400 




1400 


1900 


1600 


1200 


900 


900 


1400 


2900 


700 


900 


1400 




1100 


1700 


1500 


1400 


1200 


900 


1400 


2400 


1900 


1400 


1400 




600 


600 


600 


ioo 


500 


IIOO 


800 


1400 


1900 


900 


900 




1500 


1900 


100 


900 


IIOO 


1100 


1400 


1900 


1400 


1400 


900 




2200 


2700 


1400 


2400 


1400 


1400 


1900 


1400 


1900 


1400 


900 




3300 


3700 


2900 


3400 


2900 


3400 


2900 


3200 


3900 


3900 


4400 




4000 


4100 


4100 


4300 


4100 


4x00 


4700 


5000 


5200 


5700 


s6oo 




4300 


4400 


4500 


4700 


4800 


5000 


4700 


5200 


5500 


5100 


5SOO 




4100 


4300 


4500 


4700 


4800 


5000 


4600 


4700 


4600 


S300 


5800 




4200 


4400 


4700 


4900 


4900 


4900 


4400 


4400 


S40O 


5600 


5800 




4000 


4300 


4600 


4900 


5100 


5100 


4800 


4400 


5000 


5600 


5800 


• 


4000 


4300 


4600 


4800 


5000 


5100 


5000 


4500 


4500 


SSoo 


5700 




3600 


4000 


4300 


4700 


4900 


5100 


5300 


5200 


4SOO 


5200 


5500 




2400 


2900 


3600 


4200 


4700 


5000 


S300 


S400 


Sooo 


5SOO 


5100 




400 


400 


2400 


3400 


4300 


5200 


S300 


5400 


5100. 


4600 


4400 




1400 


400 


3300 


3700 


4100 


3900 


3900 


3900 


1900 


1400 


1000 




3400 


3700 


2600 


2100 


2900 


2400 


1400 


2900 


3400 


1300 


300 




2900 


3400 


3900 


1900 


1900 


2400 


1900 


1400 


800 


700 


1900 




900 


1400 


2900 


2900 


2600 


2400 


1900 


1400 


600 


700 


1900 




400 


1400 


2900 


1900 


1900 


2900 


1400 


1400 


800 


700 


700 


Effect 


22'0 


i8-9 


22-9 


17-6 


174 


13-3 


12-6 


lO'I 


io*8 


80 


49 



Total effect of all zones =651-2 

Attraction = 651-2 x 0-000035 = 0-0228 
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It has already been shewn on p. 57 that for the trregnlarities beyond the 85*niile radius 
an allowance of 0*0028 may be made; my estimationa of height therefore yield a total orographi- 
cal correction of 

0-0228 + 0-0028 = 0-0256 

Baaevi's r^anlt was 0*0262^ so that the agreement is better than eonld have been expected. 

For the CameFs Back Station the redaction to sea level is as follows : — 

ff^ ^ + 0-649 

0^ = - 0-248 

Orographical correction within 35-mile radins + 0-028 
,, J, beyond 35-mile „ -f- 0-008 

Total -f 0-432 



Recomputation using Baseui'a heights. 

The method which Col. Herschel devised for reducing the labour of the computation* was 
not the same as that which I have adopted and I have considered it worth while to recompute the 
orographical correction for Mussooree (Camel's Back)^ using Captain Basevi's heights and my 
method. 

The results are given in Tables X and XI. 

* Firfe Vol. T Op. &. T. S. p. [164] 
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Table X. Orographical Correction at Mussooree {CameVt Back). 

Meight 6924 feet. 

(Reoomputation using Baseui'a heights). 



JNo. 

of 

Zone 


Inner 
Eadius 


Outer 
Eadius 


Ah 


Effect 


Mean 

Eflfect 


No. 
of 

Zone 


Inner 
Eadius 


Outer 
Eadius 


Ah 


Effect 


Mean 
Effect 


1 


feet 
SO 


feet 
100 


.1 

«7 


0-3 

1*2 

3-2 


1-6 


21 


feet 
2200 


feet 
2420 


4.U 
689 

859 
1095 


3-8 

9-2 

13-9 
21-2 


I2*0 


2 


lOO 


ISO 


12 
32 
64 


0'2 

1-6 
5-6 


»-5 


22 


2420 


2640 
(0-5 nule) 


46s 

727 

926 

ii.'?4 


3-7 
8-5 
13-4 
19-9 


ii'4 


3 


ISO 


200 


22 

49 
Q7 


o'4 
6-3 


2-9 


23 


2640 


3080 
(0-683 mile) 


812 
1030 

1212 


53 
i6"9 
26*1 
35*0 


20"8 


4 


aoo 


250 


I'S 


o'S 

2'0 

S'S 


2-7 


5 


2SO 


300 


38 

90 

140 


05 

2-5 

5*4 


2-8 


24 


3080 


3520 
(0-667 miU) 


399 
824 

"35 
1289 


3*2 

13-1 
24'o 
.?o-3 


17-7 


6 


300 


3SO 


55 

163 


07 
30 


3*0 


25 


3520 


3960 
(0-75Diil6) 


368 

732 

1159 

1393 


2"! 

8-2 

198 

27-7 


I4-S 


7 


3SO 


400 


77 
147 
187 


1*1 
35 

5*2 


3*3 


8 


400 


Soo 


102 
187 

227 


2*5 

7-8 

10-8 


7*0 


26 


3960 


4620 
(0-876 mile) 


605 

1IIO 

1508 


i'3 
6-5 

21*1 

37*5 


i6-6 


9 


, 50a 


600 


142 
280 


32 

79 
ii-o 


7-4 


27 


4620 


5280 
(1 mile) 


202 

510 

1070 

1562 


o'S 

35 

14-9 

30-7 


12-4 


10 


600 


700 


186 
275 
355 


3-6 
7*9 

12*3 


7-9 


11 


700 


800 


202 
323 

417 


3*5 
81 

12-6 


81 


28 


5280 


6600 
(1-26 ml.) 


334 

703 

1170 

1876 


2-1 

9*3 

as-2 
62-0 


24-7 


12 


800 


900 


208 
362 
472 


39 

80 

12-6 


8-2 


29 


6600 


7920 
(1-60 ml.) 


274 

872 
1565 
2^53 


i-o 

9*5 

29-9 

64-8 


263 


13 


900 


1000 


195 
403 
548 


21 

7*9 

13-4 


7-8 


30 


7920 


9240 
(1-76 ml.) 


320 
1270 
1842 
2692 


i-o 

29-6 
608 


264 


U 


1000 


IIOO 


197 
453 
615 


i'7 

8-2 

T3-8 


7-9 


15 


IIOO 


laio 


220 
SOO 
675 


2*0 

91 

15-0 


8-7 


31 


9240 


10560 
(2 miles) 


592 
»53« 
2242 
2998 


2*3 

119 

32-7 
56-9 


26*0 


16 


I2IO 


1320 


240 
535 

7^5 


a-o 

8-7 
14-6 


8-4 


32 


10560 


13485 
(2 -554 ml.) 


787 
1720 

2487 
3198 


61 

29*8 
61S 
Q9'5 


49a 


17 


1320 


1540 


.87 

499 
661 

848 


19 

12-4 

204 

30 


i6-4 


33 


1348s 


17218 
(3-261 ml.) 


709 
1898 
2709 

3375 


4-0 
286 
57-6 
88-2 


44.6 


18 


1540 


1760 


272 

5»9 
710 
92 f 


3*o 

JO"2 

i8-o 
28*0 


14-8 


34 


17218 


21991 
(4-165 ml.) 


831 
2131 
277s 
.^476 


4-3 
28-3 
47-8 

74-4 


38-7 


19 


1760 


1980 


352 
57R 
778 
98;; 


3*9 
16-9 

2^*? 


14-0 


20 


1980 


aaoo 


373 
629 

832 
1035 


3*4 
156 

22-9 


12-8 


35 


21991 


28079 
(6-318 ml.) 


1220 
2287 
3020 
3809 


7-3 
25-6 

44*5 
70-2 


369 



Effect of zones up to a radius of 5'318 miles = 526'4)igitized by VjOOQIC 
Attraction « 526*4 x 0-000035 » 0-0184 
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Table XL Orographical Correction at Mussooree {CameVs Back). 
(Recomputation using BaseuPs heights.) 



^0. 

of 
Zone 


86 


87 


88 


89 


40 


41 


42 


43 


♦•a 


6-318 ml. 
6-791 „ 


6-791 ml. 
8-672 „ 


8-672 ml. 
10 075 „ 


10-075 ml. 
14 142 „ 


14 -142 ml. 
18-059 „ 


18-059 ml. 
23-061 „ 


23-061 ml. 
29-449 „ 


29 -449 ml. 
87-606 „ 




^h 


AA 


Ah 


Ah 


Ah 


Ah 


Ah 


Ah 


feet 
1920 


feet 
2420 


feet 
3420 


feet 
2920 


feet 

3220 


feet 
2920 


feet 
1920 


feet 
920 




1430 


1920 


1920 


1920 


1920 


3420 


3430 


920 




1920 


430 


420 


920 


1420 


1420 


920 


920 




1720 


1420 


1080 


920 


1920 


1420 


920 


80 




1910 


3220 


420 


920 


2420 


3920 


3420 


1080 




3320 


3320 


1430 


1920 


3920 


3930 


1930 


920 




3520 


3320 


1620 


1420 


3420 


3420 


930 


1080 




2230 


3430 


1820 


1420 


3420 


3920 


3420 


930 




1320 


1420 


1920 


1420 


2920 


3920 


34«> 


' 3920 




3 20 


80 


1420 


1430 


920 


3430 


3420 


3920 




320 


330 


80 


80 


1420 


2920 


39«o 


3930 




1430 


1930 


1920 


3920 


3920 


1930 


3930 


3920 




1920 


3920 


2920 


3420 


3420 


3420 


1920 


3920 




3920 


3430 


3420 


3920 


3920 


3920 


3920 


4420 




3620 


3720 


3920 


4220 


4420 


4420 


4920 


4920 




3920 


3920 


4420 


4220 


4920 


5420 


5820 


5420 




4020 


4420 


4620 


4920 


5220 


S420 


1 5620 


^ 5620 




3920 


4520 


4720 


5020 


5020 


5220 


5220 


5620 




4020 


4420 


4630 


4920 


4920 


4820 


S420 


5830 




4020 


4420 


4620 


4920 


4620 


47»o 


5820 


6030 




4020 


4420 


4620 


4920 


4520 


4920 


S920 


603a 




4020 


4420 


4820 


5020 


4620 


4620 


5920 


6030 




3820 


4420 


4920 


5120 


4920 


4420 


S9»o 


6020 




3620 


4220 


4920 


5120 


5120 


4420 


S720 


6020 




3220 


4420 


4720 


5010 


5120 


4920 


5420 


6020 




3720 


3930 


4620 


5020 


SI20 


5020 


S*20 


5720 




2220 


3620 


4420 


4920 


S120 


S320 


5420 


522a 




1x20 


3420 


3920 


4920 


5220 


5220 


5220 


5220 




1820 


3920 


3420 


4920 


4420 


3920 


4420 


3520 




3220 


34 20 


3920 


4420 


4420 


4420 


3420 


1620 




39» 


3420 


3420 


' 2930 


2920 


433a 


3920 


920 




3420 


3720 


2920 


1920 


3420 


3420 


3420 


1920 




3920 


3720 


3420 


3920 


1920 


920 


3930 


1930 




. 1620 


3420 


3920 


3420 


2420 


930 


1930 


1920 


• 


»420 


2920 


3420 


3920 


2420 


1420 


420 


920 




1920 


3620 


2920 


3420 


2920 


2420 


920 


920 


Effect 


3«-» 


32-9 


19*6 


369 


22*3 


166 


14*2 


lo'S 



Effect of zone^from 5*818 miles to 87-606 miles = 184 •2f 
Attraction = 184*2 x 0*000035 s= 0*0064 
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The method of grouping blocks in ofdet of height has been nsed np to a radias of 5*3] 8 
miles; beyond this^ formula (2) has been employed^ and the height of each block separately taken 
into account. 

Up to 5*318 miles the calculation in Vol. V. Op. G.T.S. gives as the correction to the 
Tibration number 

8-6010, 

Cfft 

which is equivalent to a correction of 0' 1956 to the value of ff. 

The attraction of a disc of this radius and 6920 feet high is 0*2129; 
my computation of the defect due to inequalities yields O'OIS^ and hence the attraction of the 
actual masses within a radius of 5 '318 miles is 

0-2129 -0-0184 = 0-1945 
As has already been explained^ the effect of all levelling processes implied in the employ* 
ment of mean heights^ is to increase the attraction of the masses^ the fact therefore that the new 
result is slightly less than the old one is favourable to the new method. 

Between the radii of 5*318 and 37*606 miles the new computation gives as the defect due 
to inequalities 

0*0064 
The attraction of a zone bounded by cylinders of the aboTC radii and 6920 feet high is^ by 
formula (2), 

0256 
Hence the attraction of the actual masses is 

0*0256 - 0*0064 = 0-0192 
Coh Herschel's computation for the same zone gives in terms of N 

0-8450 
and this when converted into terms of the acceleration in centimeters is also 

0-0192 



Madras and Colaba. 



No orographictl corrections have been applied at Madras and Colaba. It might be thought 
that some allowance should be made for the presence of the sea; but^ as has been remarked already, 
the present object is to reduce to sea level, so as to obtain numbers which may be compared with 
the computed values of jo, and just as a uniform density has been assigned to all masses lying 
above sea level, so we must for the present refrain from di£Eerentiatin|; between the substances 
which He below it. 



Orographlcal Correction at Dehra Dun. 

In Volume V. Op. O. T. 5. p. [177] the effect of the inequalities of the surface on the 
pendulum station at Dehra Dun is computed. The effect on the vibration number, of the zones 
up to a radius of 80 miles^ is found to be - 

8-305 
Which corresponds to a difference of 

0-0752 in g. 
The attraction of a disc 2240 feet high and 30 miles in radius is 

0-0780 
So that the orographical correction within a radius of 30 miles is 

0*0028 
The total effect of all the 2ones up to an indefinitely great distance is found to be 

3-18 
This corresponds to ... ... 0-0724 

The attraction of an infinite disc 2240 feet thick is 

0-079 
The difference IS ... ... 0-0066 

Thus the attraction of the zones outside a radius of 30 miles if 

0-0066- 0-0028 = 0-0038 
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It appears that alltlie particulars of Basevi's estimation of the heights of the compartments 
were not recoverable and as a 'check I have estimated the masses outside the 80-mile radius 
anew, as follows : — 



Azimuth 

(from south by west) 
0°to 120" 
120 „ 180 
180 ,,250 
250 ,,270 
270 ,,815 
815 ,,360 



Mean height 

... 900 feet 
... 5000 „ 
... 9000 „ 
... 5000 „ 
... 4000 „ 

• • • you J • 



The orographical correction due to the difference between these masses and the infinite 
plain through the station outside the SO-mile radius is 

0-0018 
So that the total orographical correction becomes 

00028 +0-0018 
ss 0-0041 

which is in good agreement with Basevi's result. 



In Table XII the observed values o£ g, the reductions to sea level^ the theoretical values of 70 and the 
differences are exhibited. 

Table XII. Synopsis of Besults. 



Station 


Latitude 


Height 


Observed 
9 


2» 


8 h 





Value at 
sea level 


ro 


So - 70 


Dehra D6n .,. 


? 

30 19 


feet 
2239 


979*063 


+ 0-210 


— 0*079 


+0*004 


979-198 


979* 3«4 


—0-126 


Madras 


13 4 


20 


978-279 


+0-003 


— o-ooi 





978-280 


978-266 


+0014 


Colaba 


18 54 


34 


978-631 


+ 0*003 


— O'OOI 





978-633 


978-545 


+0-088 


Mussooree (Dunseverick) 


30 27 


7129 


978-776 


+0-668 


—0-251 


+0-026 


979-219 


979 '334 


—0-115 


Mussooree (Camel's Back) 


30 28 


6924 


978-793 


+0-649 


-0243 


+0*026 


979-225 


979 335 


— o-iio 
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CHAPTER III. 



The Operations in the year 1904-05. 



The locale of operations during this field season lay along the chain o£ triangles known 
as the Calcutta Meridional Series. 

This line was selected by Colonel Burrard^ Superintendent of Trigonometrical Surreys, for 
several reasons. It crosses the subterranean chain of excessive density^ the existence of which 
was pointed out by him in professional paper No. 5 : latitude observations recently made at 
stations of this series had shewn that the local deflection of the plumb-line must be largely 
influenced by invisible causes : the series runs right up to the foot of the Himalayas and meets 
them at a point whence the roads to Darjeeling and along the Nepal frontier afford unusual 
facilities for reaching points of considerable altitude : and, lastly, this part of the country was 
comparatively free from plague which was very bad in the United Provinces and in the Punjab. 

As no houses were to be found in the neighbourhood of several of the stations which 
were selected, some portable arrangement had to be considered. It was thought that a tent of 
good quality would probably answer, and a large single poled tent, divided into two rooms by a 
curtain, was accordiugly purchased. Inside one of the rooms an inner roof, consisting of 
ruberoid laid on a bamboo frame-work, was provided. An inspection of the results will shew 
that the protection from the sun's radiation was not sufficient^ and that the temperature was 
far from steady. 

During the summer of 1904 a new pendulum room had been prepared at Dehra Dun in 
the building which contains the great Photoheliograph. The new room was much superior to 
that in which the observations of January and June 1904 had been made, particularly &s regards 
the temperature conditions. 

The new station is due east of the old one and 590 feet distant from it. The floor of the 
new room is 2ft. higher than that of the old one. 

Sets of observations were made in the new room and in the tent, or field station, both 
before proceeding to the field and after returning from it. 

A difficult question has been how to deal with the observations taken in an unsteady 
temperature. 

In Dehra Dun the mean hourly variations in the tent for each day and night were in 
degrees centigrade : — 

Night Day 

in November — -05 + 103 

- -14 + 0-60 



and in May 



- -21 


+ 


•45 


- %7 


+ 


•76 


- 19 


+ 


•57 
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In tlie case of obseryations made in a room where the temperature varies but little^ and 
that slowly^ so long as the room is kept closed^ and only commences to change when the observa* 
tions begin, on account of the opening of the door^ and of the presence of the observer and the 

necessary lamps, a correction of the form E -tt is probably capable of expressing the difference 

between the temperature of the pendulum and that indicated by the thermometers. But when 
the principal cause of the change of temperature is the sun and the weather, it does not seem 
probable that such an expression, which only takes into account variations in the temperature 
over a short period, will be adequate. The difference of temperature must be a function not only 
of the rate of increase of temperature but also of the time that has elapsed since the rise began, 
and of the conditions preceding the rise. It seems impossible in the absence of data respecting 
those conditions to arrive at any satisfactory estimate of the difference in question, and I have 
thought it best, in the case oE the tent stations, to apply no correction for lag, and to determine 
g by comparing the observed time of vibration with that obtained in the tent at Dehra Ddn, 
trusting to the similarity of the conditions to eliminate the errors due to wrongly estimated 
temperatures. 

At several of the stations houses^ more or less suitable were available and at two of 
those where there were no houses, huts of bamboo mats plastered with mud were made. In the 
latter and in the less suitable of the former the conditions did not correspond exactly either to 
those of the tent or of the room at Dehra Dun, and g has been deduced firstly by comparing the 
observed time of vibration with that obtained at the Dehra Dun field station applying no lag 
correction, and, secondly, by comparing with that obtained in the pendulum room applying a lag 
correction ; finally the mean of the two results has been taken. 

In this way the magnitude of the uncertainty in the deduced g, to which the unsteady 
temperature gives rise, is exhibited. 

At stations where houses not greatly inferior to the pendulum room were available, 
comparison has only been made with the observations made in the latter, the lag correction being 
applied as usual. 

Throughout this season the time observations were made by Extra Assistant Superintendent 
Hanuman Prasad with Transit Instrument No. 2 by Troughton & Simms. The half-seconds 
pendulum clock S.R. 238 was used to actuate both the chronograph and the flash-box. The 
chronograph was the same one as had been used in the former season, namely the heavy drum 
chronograph made by Messrs. Warner and Swasey. 

The pendulum stand was always erected on a brick pillar specially built for it, and at the 
stations where the tent was used small blocks of bricks in cement were made for the feet of the 
clock stand. 

The same thermometers were used as during the former season, viz : Nos. 105368 and 
105369 by Negretti and Zambra. 

The pressure of the air was measured by a mercurial barometer on Fortin^s principle ; 
an aneroid barometer was also carried and read, chiefly as a safeguard against accidental gross 
errors in reading the mercurial one. 

The humidity was determii^ed by readings of wet and dry bulb thermometers. 

At the end of January Professor Dr. O. Hecker of the Prussian Geodetic Institute joined 
me while I was at Jalpaiguri. Dr. Hecker had been engaged upon an important series of obser- 
vations with barometers and hypsometers, made during voyages to Australia, Japan and elsewhere, 
for determining the force of gravity in mid-ocean, but he was also equipped with a set of pendu- 
lums and the necessary accessories, and the excellent suggestion was made by Professor Helmert 
that he should visit India on his way home from Japan, join the pendulum party wherever it 
might be, and swing his pendulums alongside of ours. 

I selected Jalpaiguri as the most convenient place for the simultaneous observations, and 
was so fortunate as to secure as an observatory a good room in which the temperature was satis- 
factorily steady. 
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By means of these observations an independent value of g at Dehra Ddn is obtained. 
For my work gives the difference Dehra Dun— Jalpaiguri and Dr. Hecker's gives Potsdam — Jalpai- 
gnri^ whence Potsdam— Dehra Dun becomes known. The absolute value of g at Potsdam^ which 
has recently been determiued with extreme care^ is 981*274. The value which has been adopt* 
ed for Kew, namely 981*200 is based on the Potsdam determination^ and rests on the measure of 
the difference made by Mr. Q. B. Putnam in 1900. We have an indirect check on Mr. Putnam's 
result through the chain Kew— Dehra Dun— Jalpaiguri— Potsdam. The details of Dr. Keeker's 
observations are given at the end of this Chapter. 

THE STATIONS. 



Dehra Dun. 

The new pendulum room is situated in the observatory which contains the large photo- 
heliograph. 

The new pendulum pillar is due east of Basevi^s station^ 590 feet from it and 2 feet higher. 

The co-ordinates of new pendulum station are : — 

O t »9 

Latitude ... ... 80 19 29 

Longitude ... ... 78 8 22 

Height above mean sea level ... 2241 feet 

The Dehra Dun field station is 62 feet north and 5 feet east of the pillar in the pendulum 
room, and the ground on which it stands is 1 foot lower than the floor of the room. 

In November 1904, before starting for the field, observations were taken both in the room 
and at the field station. 

Li the room the flexure correction was determined five times. 

8th November 18th November 

46*7 X 10"^ 41-6 X 10"' 

42-4 45-8 



44G 



t 



7 



Adopted Correction — 44 x 10 

At the field station it was determiued four times. 



21st November 24th November 

41*8 X lO''' 40-7 X lO""' 

41-2 41-7 • 



• -7 

Adopted Correction —41 x 10 



Outtack G. T. S. 

No. XXXV of the East Coast Series. 

The pendulum station was in a small house, .which had originally been erected as a cholera 
hospital but had never been used. The pillar was about 480 feet north and 28 feet west of the 
Cottack G. T. S. 
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The co-ordinates of the pendulum pillar are : — 



Latitude 

Longitude 

Height 



20 29 5 
85 52 1 

92 feet 



The temperature conditions were not good, chiefly owing to there being a space between 
the walls and the roof for ventilation. The results have been taken out both with and without 
a lag correction, for comparison with the two Dehra Dun values. 

The flexure correction was determined six times. 

December 12th December 16th December 17th 

61-4 X 10"' 52-4 X 10"' 51-4 x 10"' 

60-7 51-4 52-5 

There is large change between the results of the 12th and 16th due undoubtedly to the 
gradual hardening of the cement in the pillar, which at this station it had not been possible to 
build beforehand. For the observations between the 12th and 16th a flexure correction of — 56* 
X 10"* has been adopted, and for those on the 16th and 17th one of — 52» x 10"' . 



Chatra G. T. S. 

Ko. XVIII of the Calcutta Meridional Series. 

The station of the principal triangulation has been completely washed away by the Bhairab 
river. But its position was fairly well known to the villagers and I do not think there can be an 
error of more than 50 yards in the point which they showed me. The pendulum pillar was 300 
yards south and 550 yards west of the most probable position of the old Tower station. The 
eountry is perfectly flat for miles in every direction and it has been assumed that the ground 
levd at the new station is the same as it was at the old one. 

The co-ordinates of the pendulum station are : — 



Latitude ... ... 24 12 40 

Longitude ... ... 88 23 27 

Height above mean sea level ... 64 feet 


The tent formed the observatory. 






The flexure correction was determined five times as follows :— 
December 30th January 1st 


January 3rd 


63*1 X 10"^ 58*7 X 10"' 
63-6 




59*9 X 10"' 
57-4 


The following values have been adopted :— 






December 30 J .g^^iQ-r 






December an _6i ^ jq-* 
January 1 J 






'"r'^ \) -SQoclO-* 
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KIsnapur G. T. S- 

lilo. XXIX of the Calcutta Meridional Series. 

The pendulum pillar was situated 851 feet south and 83 feet east of the G. T. station and 
on ground 4 feet lower than that surrounding the base of the old Tower. The latter was not 
entire and the upper mark-stone could not be found, so there is a little uncertainty as to the 
height^ for the ground is uneven, but there cannot be an error of more than 3 feet. 

The co-ordinates of the pendulum station are : — 

9 f If 

Latitude ... ... 25 2 26 

Longitude ... ... 88 28 29 

Height above mean sea level •«• 113 feet 

The tent formed the observatory. 

The flexure correction was determined seven times : — 

January 17 January 19 January 21 January 23 
64-6 X 10"' 57-4 X 10"^ 565 x 10"' 56*7 x 10"' 



65-4 55-9 54-4 

The following values of the correction have been adopted : — 

January 17-18 -61 x 10"^ 

18-19 -61 „ 

,, 19-20 -57 „ 

„ 21-22 -56 „ 

22-23 -57 „ 

There was a good deal of cloud and rain at this station and star observations were only 
obtained on the 17th, 20th, 21st and 23rd. The five sets of observations therefore only yield two 
independent results, namely, (1) those from the evening of 17th to the morning of the 20th, and 
(2) those from the evening of the 21st to the morning of the 23rd. 



Jalpaiguri. 

The pendulum station was situated in a room of a building belonging to the District Trea- 
sury. The pillar was 123 feet west and 63 feet north of the station of the triangulation called 
Jalpaiguri s. The latter is on the roof of another of the Treasury buildings. 

The co-ordinates of the pendulum station are : — 

9 f 

Latitude ... 26 31 16 

Longitude ... 88 44 13 

Height above mean sea level 268 feet 

One of the lines of principal levelling runs up the railway which passes through Jalpaiguri, 
and there is a bench-mark at the station. A subsidiary line of levels was run from this bench- 
mark to the pendulum room. 

The floor was of thick concrete and isolated pillars were not provided. 

Dr. Hecker^s apparatus and mine were set up at opposite ends of the room, the clock being 
between them. The same clocks namely S.£. 238^ was used for timing both sets of pendulums. 
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The pillars for both instruments had to be erected hurriedly after the arrival of the obser- 
vers, and in consequence the cement was not hard wh&n work began. The result of this is clearly 
seen in the flexure correction. 

I determined this correction eight times with the following results : — 



January Slat 

6 P.H. 


February 1st 
6 P.M. 


February 2nd 
4 P.M. 


February 3rd 

6 P.M. 


* -7 
54*2 X 10 


* -7 
43-6 X 10 

44-6 


* -7 
44*1 X 10 

44-5 


* -7 
42-8 X 10 

40-3 


53-2 X 10""^ 


441 X 10"^ 


44-8 X lO""^ 


41-6 X 10"^ 



By plotting these values as the ordinates of points, of which the abscissae were intervals 
oF time, and drawing a smooth curve through them the following values of the flexure correction 
were obtained : — 



January 
February 



81 Night 
1 Day 

1 Night 

2 Day 

2 Night 

3 Day 



-50 
-46 
-44 
-44 
-43 
-42 



X 10 



» 



The temperature conditions were good and g has been determined by comparison with the 
observations in the pendulum room at Dehra Diin, applying the usual lag correction. 

Kesarbarl G. T. S. 

No. XLIII of the Calcutta Meridional Series. 

The pendulum pillar was situated 194 feet east and 24 feet south of the G. T. S. and on 
ground 5 feet lower than that at the. base of the Tower. The upper mark-stone of the latter 
was missing and there is therefore an uncertainty of about 2 feet in the height. 



The co-ordinates of the pendulum station are : — 



26 7 41 

88 31 26 

204 feet 



Latitude 

Longitude 

Height above mean sea level 

The tent formed the observatory, but as an additional protection against variations of 
temperature a hut of thatch and matting was erected inside the tent. 

Bad weather was encountered here; star observations were only obtained on February 14th 
and 18th. The sky was overcast from 11 p. m. on the 14th until 10 a. m. on the 18th. The 
four sets of observations only yield one value of the time of vibration. 

The flexure correction was determined six times : — 



February 

73-4 X 
71-2 

wrection 


14th 

10-' 


February 

69-4 X 
72-9 

-71 X 


15th 

10-' 
10-' 


February 

68*4 X 
69-8 


18th 

10-' 
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Ramchandpur. 

The pendulum station was situated 3390 feet north and 2355 feet east of Bfimchandj^nr 
G. T. S. No. XXXVII of the Calcutta Meridional Series^ and on ground 14 feet higher than that 
at the base of the Tower. 

The co-ordinates of the pendulum station are : — 

Latitude ... ... 25 40 57 

Longitude ... ... 88 32 58 

Height above mean sea level ... 132 feet 

At this station the teut was not used but a room was constructed of bamboos, thatch and 
mnd plaster under a large mango tree. It was to obtain the advantage of the shad^ of this tree 
that a point so distant from the Tower was selected. 

The flexure correction was determined seven times : — 

25th February 26th February 28th Febmary 

66*0 X 10"'^ 69-4 X 10""' 64*3 x 10"^ 

69-6 63-2 

71-2 
67-6 

Adopted values of the correction 

25— 26th February —69x10"*^ 

26—27 -68 

27—28 -66 



Siliguri. 

A bungalow belonging to the Jalpaiguri District Board was lent me for the pendnlnm 
observations. It is situated about 1^ miles W. S. W. of the Siliguri railway station. There is a 
bench-mark of the principal levelling on the step of the bungalow and a secondary triangulation 
station about 200 yards further south^ at the side of the main road to Titalia. 

The co-ordinates of the pendulum station are : — 

Latitude ... ... 26 41 47 

Longitude ... ... 88 24 5a 

Height above mean sea level ... 387 feet 

The floors of the two main rooms of the bungalow were of wood, but that of the bath-room 
of the larger of the two was of concrete. I therefore built the pendulum pillar in the bath-room 
and observed through the door. The clock also was erected in the bath-room. 

The roof of this room was of iron and 1 had a layer of earth laid upon it^ even so how- 
ever the temperature conditions were not good and ff has been determined by both of the methods 
described on p. 71. 

The observations were greatly delayed by bad weather. I arrived on the 8th March but 
could get no star observations till the 12th; the 14th and 15tb were also cloudy and the dosiug 
observations were not obtained until the 16th. 
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Flexure was obserTed several times before work began^ but the observations which have 
been utilised in deducing the eorrection were only 4 in number^ viz., 

18th February 16th February 

64*4 X 10"' 63-4 x 10"' 

64-9 64-5 

Adopted Correction — €4 x 10*^ 



Darjeeiing. 

The pendulum pillar was erected in a room with a northerly aspect on the ground floor 
of the Bengal Secretariat office. 

The floor of the room was found by vertical angles and levelling to be 202 feet below the 
station of the triangulation on Observatory Hill^ and the pendulum pillar was approximately 400 
feet south and 500 feet west of that station. 

The cOf-ordinates of the pendulum pillar are therefore : — 

o I tr 

Latitude ... ... 27 2 47 

Iiiongitude ... ... 88 16 8 

Height above mean sea level . . . 6966 feet 

The room was a very suitable one^ the temperature conditions were satisfactory and the 
*lock and pendulum pillars free from liability to tremors. 

The flexure correction was determined fiv« times. 



Adopted Correction 



20th March 

57-4 X 10"' 

58-2 

607 




28rd March 

56*0 X 10"' 
54-5 


-S7 


X 


10-' 



Kurseong. 



The pendulum pillar was built in the bath-room of the north room of the Dak or Inspec- 
tion bungalow. This bungalow is situated close to the railway on its eastern side and about a 
ijuarter of a mile above the railway station. 

The level of the floor was determined by spirit. levelling from the railway station. A tra- 
verse was run to a station of the secondary triangulation in order to obtain the latitude and 
longitude. 

The co-ordinates of the pendulum station are : — 



Latitude 


.. 26 


52 51 


Lonp;itude 


.. 88 


16 45 


Height above mean sea level . 




4913 feet 
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The floov of the batk-room was of cement and of good qnality bnt that of the room wa» 
of planks and very nnsteady. The clock was fixed to the wall of the room. 

Flexnre was observed seren times. 



36tb March 


27th March 30th March 


1st Apnl 


85-7 X 10-' 
35-4 


35*8 X 10"' 34-7 x 10"' 
340 


35*8 X 10-' 
85-3 


Adopted Correction 


- 86 X 10"' 






Sandakphu. 





The hill of this name is a peak of a remarkable spnr which extends from Kinchinjonga t9 
the plains. The Nepal frontier mns along this ridge and a road has been constructed almost par^ 
allel to the frontier on the British side of it. There are rest-houses at intervals along this road 
and that at Sandakphu was kindly placed at my disposal by the Deputy Commissioner of Dar* 
jeeling. 

The floors of the rest-house are planked but I was able to erect the pendulum pillar in the 
bath-room in the same way as I had done at Siliguri and Kurseong. The clock was fixed to the 
wall of the room. 

There is a station of the triangulation on the peak of Sandakphu and the pendulum pillar 
was 560 feet north and 1150 feet east of it. 

The elevation of the floor of the room was 168 feet less than that of the triangulation 
station. 

The co-ordinates of the pendulum station are :— 



Latitude 


.. 27 e 6 


Longitude 


.. 88 15 


Height abore mean sea lerel 


11766 feet 



The observations at this station were carried out under somewhat adverse circumstances. 
The spring had been an unusually severe one and the snow-fall had been heavy^ so that the road 
was only just open at the time when the party started from Kurseong^ although the date of start- 
ing had been put as late as possible. The march was accomplished without serious difSculty^ 
but after the instruments had been erected and during the progress of the observations very bad 
weather was met with. No star observations were obtained on the 9th of April which was the 
first night: on the 10th there were clouds till 10p.m. then however it cleared for two hours ; 
a good time determination was made, and I was enabled to begin observing the pendulums. The 
next evening it was clear from 7 p.m. till about 10 p.m. and good observations were obtained. 
On the 12th there was a severe snowstorm with high wind in the afternoon and the sky remained 
cloudy all night though hope of success was not abandoned till 2 a.m. On the 13th there was a 
heavy fall of snow in the afternoon followed by a perfect hurricane of wind which blew all night ; 
the sky however was clear from about 8 p.m. and Babu Hanuman Prasad succeeded in getting 
a suflicient number of stars, though in the face of great diffieulties, for the wind was sending 
the powdery snow whirling through the meridional slit, and there seemed to be imminent 
danger of the whole tent being blown away ; it was moreover intensely cold. The advantage of 
having a large and stable transit-instrument and a good drum chronograph was clearly shewn, 
for no trustworthy observations by the eye and ear method, or with a light instrument, would have 
been possible on any of the nights of our stay. 
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The room in the i^t-hotise was good and it was possible to keep the tempehttare (airly 
steady. 

The flexure correction was determined six times. 

10th April 12th April 18th April 

47*7 X 10""' , .., . 46*3 x 10"^ 

50-5 45-6 X 10"' 470 

47-4 

Mean 48*5 456 46*7 



Adopted Correction — 47 x 10"' 



Dehra Dun. 

On returning to Dehra Dun observations were again made both at the field station and ia 
the pendulum room. 

At the field station flexure was observed six times. 

9th May 10th May l6th May 

85*4 X 10'' , 86-2 x 10"^' 

89-5 86-1 X 10-» 86-8 

87-5 

Adopted Correction — 37 x 10"" 

In the room it was observed four times^ 

17th May 21st May 

41*5 x 10-' 42-7 X 10"' 

40-2 42-5 

Adopted Correction — 42 x 10" 
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Table I. Details of the Obaervatiotu. 



B 

1 



S 

H 

£ 
b5 


is 




s 

8 



s 

1 

1 
i 


Tempera- 
ture 


g 
P 


Observed 

Time of 

Vibration 


Oorrection on account of 


Beduced 

Time of 

Vibration 


1^ 
5^ 




1 

5 


< 


a 


I 




i 
1 




Dehra Uun^iPendutum room). 




Srg KoTember> 1904. 


137 
139 
138 
140 


h m 

2 26 

3 *5 

4 29 

5 26 


# 

34 238 
34681 
33-182 

35 040 


- 0-31 
0-31 

0-3' 
0-31 


13 
12 

13 
>5 


20*34 
20 56 

20»6l 

20*65 


+0*09 
0*09 
0*09 
0*09 


0-850 
0-849 
0-850 
0*850 


0-5074100 
0-5073141 
0-5076495 
0-5072380 


+ 18 
18 

18 
18 


-5 

4 

\ 


- 997 
1007 
1010 
1012 


+ 2 

2 
2 
2 


- 505 

514 
486 

515 

Mean 


-'44 
44 
44 
44 


0-5072569 
0-5071592 
05074970 
0*5070823 

0*5072489 


137 

'39 
138 
140 


'4 39 

15 37 

16 42 

'7 37 


34-218 

34 659 
33' 156 

35 034 


- 031 

0-3' 
0-31 
o-3» 


'3 
12 

»4 
13 


20*28 
20*40 
1052 
20*58 


+0*11 

O'll 
0*|l 
O'll 


0*851 
0*850 
0849 
0849 


0*5074145 
0*5073187 
o- 5076556 

0*5072395 


+ 18 
18 
18 
18 


-5 

4 

5 


- 99.4 
1000 
1005 
1008 


+ 3 
3 
3 
3 


- 505 
5'4 


-44 
44 
44 
44 


0*5072618 
05071645 

0-5075037 
0-5070845 




Mean ... 


0-5072536 




Time of Yibration pf Meiin Panduluxn ... 


P'5Q72513 




9- 10 Npvember, 1904. 


140 
138 
139 
137 


2 32 

3 35 

4 32 

5 30 


35-043 
33-169 
34-676 

34-229 


- 0*45 
0-45 
0-45 
045 


13 
'3 
«4 
13 


20*51 

20-59 
20-48 
20*49 


—0*04 
0*04 
0*04 
0*04 


0*852 
0-853 
0-853 
0-853 


0-5072376 
0- 5076525 

0-507315' 
0*5074120 


+ 26 
36 
26 
26 


'5 
5 
5 


— lOOJ 

1009 
1004 
1004 


— I 

I 
I 
1 


« S16 

488 

. 5'7 

507 

Mean 


-44 
44 
44 
44 


0*5070831 
0*5075004 
0*507 1606 
0-5072585 
0*5072506 


140 
138 
'39 
"37 


14 50 
'5 48 
16 45 
'7 44 


35-030 
33-159 
34 658 
34-208 


- 0*45 
045 
0-45 
0-45 


14 
14 
«3 
»5 


20* 18 

2034 

20 -45 
29 -55 


+ 0*13 
013 
0*13 

^•>3 


0-853 
0-853 
0-851 
0-849 


0*5072400 

0-5076549 
0*5073188 
0-5074167 


+ s6 
26 
26 
>6 


"5 
5 
5 
6 


- 989 

997 
1002 
1007 


3 
3 


- 5'7 
488 
516 

504 


-44 
44 
44 
44 


0*5070874 
0-5075044 
0-5071650 
05072635 




Uean ... 


0-5072551 




Time of VibrMion pf Mean Pendulum ... 


05Q72529 




lo-ii JJpy ember, 1904. 1 


»39 
i37 
140 

138 


« 47 

3 44 

4 44 

5 43 


34-679 
34 -239 
35-043 
33-174 


■^ o-6i 
o'6i 
061 
061 


14 
14 
13 
'4 


20.* 56 

2057 

20 54 
20 58 


-0?0I 

0*01 

O'Ol 

o-oi 


0*850 
0-852 
0-851 
0-850 


0-5073145 

0* 5074098 

0*5072372 
0-5076515 


+ 36 
36 

36 


-5 
5 
5 
5 


-1007 
1008 
1006 
1008 








506 
5'6 
486 

Mean 


-44 
44 
44 
44 


0-5071610 

0-5072571 
0*5070837 
0*5075008 

0-5072507 


"39 
'37 
140 
138 


14 S» 
'5 49 
16 48 

'7 44 


34679 
34-227 
35-033 
33-163 


T- o'6i 
0*61 
o'6i 
P«6f 


'3 

14 
14 


20*29 
20-46 

20-S5 
20*64 


+ 0'I2 
0*12 
0'I2 
0*12 


0*851 
0850 
0*849 
0*848 


0-5073M5 
0*5074126 
0*5072396 
0*5076538 


-»■ 36 
36 

36 


-5 
6 

5 
5 


- 994 
1003 
1007 
101 1 


+ 3 
3 
3 

3 


- 5»6 
505 
5»4 
485 


-44 
44 
44 
44 


0*507 1625 
05072607 
05070865 
05075032 




Mean ... 
Time of Vibration of Mean Pendulum ... 


0-^072532 
0*507251 9 




H-12 No?ember, 1904. 


138 
140 
'37 
139 


3 i« 

4 8 

11 


33-168 

35-029 
34 220 

34665 


— 0-67 
©'67 
0*67 
067 


14 
14 
14 
14 


20*55 
20-51 

20'6l 

20-67 


+ 0*06 
006 
0*06 

o'o6 


0*851 
0*851 

0*850 
0-850 


05076529 
0*5072402 
05074140 
0-5073175 


t 39 
39 
39 
39 


-5 
5 
5 
5 


1-1007 
1005 

lOlO 

1013 


+ 2 

2 
2 
2 


-487 

5'6 

505 

5'S 

Mean 


-44 

44 
44 
44 


0-5075027 
0-5070873 
0-5072617 

0-5071639 
05072539 


138 
140 

'37 
'39 


'5 '5 

16 12 

17 13 

18 12 


33-179 
35-047 
34 23 7 
34-680 


-- 0-67 
0-67 
0-67 
0*67 


'4 
14 
14 
14 


20*33 
20*40 
20*40 
20*40 


+ 0*02 
0*02 
002 
0-02 


0-855 
0-854 
0-854 
0*851 


0^5076501 
O' 5072366 
0*5074103 
0-5073142 


+ 39 
39 
39 
39 


•-5 
5 
5 
5 


- 996 

1000 
1000 
1000 


+ 1 


- 489 
S>8 
507 
5«6 


-44 
44 
44 
44 


0-5075007 
0-5070839 
0-5072587 
0507 1617 




Mean ... 
Time of Vibration of Mean Pendulum ... 

General M^ by. ^ 


0-5072513 
05072526 
0*5072522 



Table I. Details of the Ob8ervaiion8'-'{Continued). 
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IS 
2 

02 






PI 

o 
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Tempera- 
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i^ 



t4 

O 



a 

p 





Correction on account of 


Observed 


a> 




£ 




«4H 




Time of 






i? 




o 


? 


Vibration 




2 




Hi 




H 




o 








n 


s 



Reduced 

Time of 

Vibration 



'37 
"39 
'38 
140 



'37 
'39 
»38 
140 



Dehra Dun— (Field Station, Tent). 
2.1-22 November, 1904. 



A m 


9 


s 


/ 





e 




6 23 

7 26 

8 27 

9 26 


34*349 
34*797 
33-284 
3S*»65 


- i-ii 
i-ii 
i-ii 
1-11 


'5 
16 

'7 
'5 


'.S"46 
»5-54 
i5*47 
15-32 


-0 05 
0*05 
005 
0-05 


0873 
0872 
0-873 
0-874 


18 32 

19 29 

20 27 

21 26 


34*370 
34*797 
33-264 

35'" 


- I-II 
i-ii 
I-II 
i-ii 


'5 
16 
16 
16 


'5*75 
16-85 
17-84 
18-67 


+ I ■ 03 
'•03 
1*03 
'•03 


0-861 
0856 
0852 
0-849 



S 
0*5073858 


+ 6s 


-6 


- 7S8 




- S'9 


-41 


0-5072892 


65 


7 


76. 


g 


528 


41 


0-5076256 


65 


8 


7S8 


■2 


499 


41 


0*5072118 


OS 


6 


75' 




530 


41 










Mean 




0-5073812 


+ 65 


-6 


- 77» 


1- 


- 5" 


-4« 


0*5072893 


65 


7 


826 





S'9 


4' 


0-5076302 


6S 


7 


874 


» 


487 


4' 


0-5072230 


<>S 


7 
v.. 4-: 


9»S 


/«.» i>^ 


5'4 
Mean 


4' 



05072599 

0-507 1620 

0*5075015 
0*5070855 

0*5072522 

0*5072547 

o-507'S65 
0*5074958 
0-5070818 

0-5072472 

0*5072497 



140 
»38 
'39 
'37 



140 
'38 
139 
'37 



6 14 

7 '3 

8 14 

9 '5 

18 29 

19 27 

20 27 

21 24 



35 -'58 
33-282 
34*796 
3435' 



35* '90 
33-293 
34- 789 
34.326 



1-18 
1-18 
1-18 
i'i8 



1-18 
i-i8 
1-18 
i-i8 



'5*77 
'5*73 
'558 
'5-36 



'5*24 
16-09 
16-63 
1708 



-0-14 
0*14 
0-14 
014 



+ o*6o 
0-60 
0-60 
0-60 



22-23 NoTember, 1904. 
0872 
0-872 
0872 
0872 



0-863 
0859 
0857 
0856 



0-5072132 


V-69 


-7 


- 773 




- 528 


0-5076261 


69 


5 


77' 


§ 


499 


0-5072896 


69 


5 


763 




528 


0-5073855 


69 


5 


753 


§g. 


5»8 
Mean 


0-5072067 


+ 69 


-7 


- 747 


.s?* 


- 523 


0*5076135 


69 


6 


788 





49' 


05072912 


69 


6 


815 


'A 


S'9 


0-5073908 


69 


6 


837I 




508 



Mean 

Time of Vibration of Mean Pendulum 

General Mean 



0*5070852 

0*5075014 
0-5071628 
0-5072607 

0*5072525 
0-5070818 
0*5074978 
0*507 I 600 

05072585 
05072495 
0'5072310 
0'5072504 



Cuttack. 
12-13 December, 1904. 
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3 27 


33*3'4 


+ 13*40 
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23-10 


-0-42 
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'39 


4 23 


33-745 


13-40 


16 


22*80 


0-42 


0917 
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5 21 


33-326 


'3-40 


'7 


2232 


0*42 
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'5 


34-ioj 


'3-40 


'7 


21-95 


0-42 
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'37 


>S 33 


33*360 


+ 13-40 


'7 


22*12 


+ 0-76 


0-914 


139 


1632 


33-769 


'3-40 


16 


32-90 


0-76 


O-9II 


«38 


'7 30 


32-332 


'3*40 


'7 


23 80 


0-76 


0-906 


140 


18 28 


34*075 


13*40 


'7 


24-25 


076 


0-907 



9 
0-5076187 
0-5075200 

0*5078553 
0-5074401 


-787 
787 
787 
787 


-7 
7 
7 
8 


-1132 
1117 
1094 
1076 


— II 
II 
II 
II 


- 543 
556 

558 
Mean 


S6 
S6 
S6 


0-5076080 
0-5075146 
0*5078536 
0*5074459 


-787 
787 
787 
787 


-8 

7 
8 
8 


-1084 

1122 
I166 
1188 


+ 19 
'9 
'9 
19 


- 543 
552 
5'8 
550 


-S6 
S6 
S6 
56 


Mean 




Time of Vibration of Mean Pendolum 


... 




Do. 


not 


apply in 


gli^g c 


orrectioo 


... 



0-507.^65 I 
0*5072666 
0-5076071 

0-5071905 
0-5073573 

0*507362 I 
0-5072641 
0-5076020 
0-5071889 

0-5073543 

0*5073358 
0*5073554 



140 
i,?8 
'39 
137 



140 
138 
J39 
»37 



3 39 


.34*074 


+ 14*04 


16 


22*97 


-0-42 


0-916 


4 39 


32-321 


14-04 


'7 


22-57 


042 


0-920 


5 35 


33*753 


14-04 


'5 


22*14 


0-42 


0-922 


634 


33 -344 


14-04 


16 


21-78 


0*42 


0-923 


15 45 


34- '29 


+ 14-04 


16 


21*67 


+ 0*54 


0*916 


16 40 


32*332 


14-04 


'7 


22-30 


0-54 


0*914 


'7 37 


33*743 


14-04 


'5 


22-82 


0-54 


0-912 


1834 


33-315 


14*04 


n 


23-20 


o*54 


0*910 



13-14 December, 1904. 

0-5074463 
0*5078565 
0-5075181 
0-5076117 



5074.341 
5078538 
5075202 
5076185 



-824 


-7 


— 1 126 


- II 


- 555 


824 


8 


1106 


II 


526 


824 


6 


1085 


11 


559 


824 


7 


1067 


11 


548 
Mean 


.824 


-7 


— 1062 


+ 13 


- 555 


824 


8 


'093 


J3 


523 


824 


6 


1118 


'3 


553 


824 


8 


i'37 


'3 


541 



■56 

S6 
56 



•S6 
S6 
S6 
56 



Time of Vibration of Mean Pendulum 



Do. 



0-5071884 
0-5076034 
0-5072640 
0*5073604 

0*5073541 
0-5071850 
0*5076047 
0-5072658 
05073632 

0-5073547 
05073544 



not applying log correction ... 0*5073543 It 

j i y i i i ie^duy^^UUV iC 
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Table L Details of the Observationa^Continued). 



'2 



a 






o 
.S rt 

Ol-H 



■♦J 



Tempera- 
ture 






-^ 2 



%4 

o 



p 

p 



Observed 

Time of 

Vibration 



Correction on account of 



o 

(^ 

M 
o 
O 

5 



S3 



S 



1-^ 



o 



Eeduced 

Time of 

Vibration 



14-15 December, 1904. 





h m 


9 


9 


/ 










«39 


3 40 


33-73» 


+ 14-16 


>7 


22*67 


-0*38 


0-917 


137 


438 


3^3^^ 


14-16 


16 


22*26 


0-38 


0*921 


140 


5 34 


34-086 


»4-i6 


"5 


21-90 


0-38 


0*921 


138 


63' 


32329 


14*16 


>7 


21-59 


0*38 


0-923 


i39 


'5 42 


33*772 


+ 1416 


»5 


21*33 


+ 0*62 


0*917 


'37 


16 36 


,W^i^ 


14*16 


»7 


21*99 


062 


0914 


140 


'7 32 


34-084 


14*16 


18 


22 -60 


0-62 


0*912 


-38 


18 30 


32-3«4 


14-16 


15 


23 05 


0*62 


0*910 



9 
0-5075232 
0*5076180 
o- 5074433 
0*5078546 


- 83. 
83' 
83' 

»3^ 


-8 

7 
6 
8 


— III! 
IO9I 
1073 
1058 


— 10 

to 

10 
10 


- 556 
547 
558 
528 

Mean 


56 
56 

••• 


0-5075MO 
05076135 
05074441 
0*5078582 


- 831 
83' 
831 
83* 


-6 
8 

9 
6 


-1045 
1078 
1107 
1129 


+ 15 

«5 
»5 


- 556 

543 
553 
521 


-56 
56 
56 

S6 


Mean 


... 


Time of Vibration of Mean Pendulum 

Tin nAf. itnnlirincr 1n.(r r.orrA^tinn 


... 



0-5072660 

0-5073638 
0*507 1899 
0*5076055 

0-5073563 

0*5072661 
0-5073634 

0*507 I 900 
0-5076054 

05073562 

0*5073563 
05073560 



16-17 December, 1904. 



1.^8 


3 42 


32-301 


4-I4-.38 


18 


22*39 


-0-46 


0923 


140 


4.?6 


34-075 


i4-.?8 


16 


21*87 


0*46 


0928 


«37 


5 33 


.33-318 


14-38 


16 


21-45 


0*46 


0*929 


'39 


6 30 


33*753 


I4*.38 


16 


21 05 


046 


929 


1.^8 


«5 47 


32352 


+ 14-38 


»7 


21-06 


+ 0-65 


0-919 


140 


16 44 


34-106 


14.18 


16 


21-89 


0*65 


0*916 


»37 


17 42 


33 330 


i4-3« 


17 


23*54 


0-65 


0*914 


•39 


•839 


33 -739 


'4 38 


16 


23-00 


065 


0*911 



0-5078615 


- 844 


-9 


-1097 


- II 


- 528 


o- 5074459 


844 


7 


1072 


II 


562 


0*5076176 


844 


7 


1051 


11 


552 


0-5075180 


844 


7 


1031 


II 


563 
Mean 


0-5078487 


- 844 


-8 


-1032 


+ 16 


- 526 


0-5074392 


844 


7 


J073 


16 


555 


05076151 


844 


8 


1104 


16 


543 


0*5075212 


«4? 


7 


1127 


16 


552 



-52 
52 
52 
52 



■52 

52 
52 
52 



Mean 
Time of Vibration of Mean Pendulum 

Do. not applying lag correction 

General Mean with lag correction 
,, without ,, 



0*507607 I 
0-507 19 I I 
0-5073659 
0*5072672 

0-5073579 
0-5076041 
0*507 1876 
0*50736 16 
0*5072646 

0*5073545 
0*5073562 
0'5073560 
0*5073557 
0*5073554 



Chatra. 
30-31 December, 1904. 





h ml 


8 


9 


/ 


9 







•37 


3 39 


.?3*505 


+ 20*82 


15 


16*89 


0-00 


0*948 


i.39 


4 35 


.«-940 


20*82 


16 


16-90 


0-00 


0-948 


•38 


5 34 


32496 


20*82 


•7 


16*03 


0-00 


0-948 


140 


632 


34-291 


20*82 


'5 


16*86 


0-00 


0-948 


«37 


'5 58 


33*509 


+ 20-82 


'5 


17-68 


+ 0*63 


0*936 


139 


16 55 


33 909 


20*82 


17 


18-56 


0-63 


0-933 


138 


n 55 


32-459 


2082 


16 


19 10 


0-63 


0*930 


140 


18 54 


34*224 


20-82 


16 


19-63 


063 


0*927 



9 

0-5075748 
0-5074761 
0-5078136 
0* 5073983 


— 1222 
1222 
1222 
1222 


-6 

7 
8 
6 


- 828 
828 
830 
826 


1 

t 

a 

.2 


- 563 

574 

542 

574 

Mean 


-61 
61 
6i 
61 


0-5075737 
0-5074830 
05078226 
0-5074132 


-1222 

1222 
1222 
1222 


-6 
8 

7 
7 


- 866 
909 
9.^6 
962 


8 




- 556 
565 

562 


-61 
61 
61 
61 






Mean ... | 


T 


imeof ^ 


(Tibra 


tion of 


MeanP 


endulun: 





0-5073068 
0*5072069 

0-5075473 
0-5071294 

05072976 

0-5073026 

0*5072065 

0-5075468 
0*5071318 

0*5072969 

0*5072973 



140 


^=J 44 


34*228 


+ 20-85 


16 


18*19 


.1 
-0*35 


I Dec. 
0942 


^38 


4 45 


32*451 


20 85 


n 


17*84 


o*35 


0945 


i,?9 


5 40 


33 899 


20*85 


16 


I7*S» 


0-35 


0*947 


>37 


6 42 


33*484 


30-85 


»5 


17*31 


0-35 


0*948 


140 


16 4 


34-3«» 


+ «o*8s 


17 


16*23 


+ 0*90 


0*944 


"38 


17 I 


32-505 


20*85 


16 


'7*05 


0*90 


0-939 


»39 


18 2 


33 -9.^4 


ao-85 


16 


17*99 


0*90 


o*933 


«37 


19 2 


33 485 


ao-85 


n 


18*87 


0*90 


0*929 



Dee. 1904 — 1 Jan. 1905. 



0-5074123 
0-5078247 

0-5074853 
0*5075795 


-1224 
1224 
1224 
1224 


-7 
8 

7 
6 


— 891 
874 
858 

843 


-2 

1 
1 


- 57« 

541 

574 

563 

Mean 


-61 
61 
61 
61 


0*507.^941 

0*5078113 

0-5074775 
0-5075793 


-1224 
1224 
1224 
1224 


-8 
7 
7 
8 


- 795 
835 
882 
925 


1 


- 572 
537 
565 
552 


-61 
61 
61 
61 






Mean 


... 


T 


[meof> 


ribra 


tion of ] 


ileanP 


Bndul.uiu 


... 



lisM 



0*5071369 

05075539 
0*5072 1 29 
0*5073098 

0-5073034 

0*5071 281 

0*5075449 
0*5072036 
0*5073023 

0-5072947 



0;^^ 



947 

Oibgle 



Table I. Details of the Observations — {Continued). 



83 



s 

5 









« 


Tempera- 




1 

c3 









ture 


< 

a 

P 


1« 
5 


Mean change 
per hour 



Observed 

Time of 

Vibration 



Correction on account of 



M 
o 



o 






P 



Eeduced 
Time of 
Vibration 



1-2 January, 1905. 





h m 


t 


t 


/ 










'39 


358 


33*893 


+ 21-37 


16 


17-70 


—0-19 


0-943 


'37 


456 


33-469 


21-37 


'7 


17-64 


0*19 


0-943 


140 


5 53 


34-240 


21-37 


16 


'7*44 


0* 19 


0-945 


'3« 


653 

• 


32 469 


21-37 


'7 


1714 


0-19 


947 


'39 


16 8 


33*966 


+ 21-37 


16 


15*46 


+ 1-04 


0-947 


«37 


n 5 


33*522 


2' -37 


17 


16-52 


1-04 


0--937 


140 


,8 4 


34 267 


21-37 


16 


17-64 


'•04 


0-932 


'38 


'9 4 


32-468 


21*37 


'7 


18-50 


I -04 


0*928 



* 
0-5074866 
0-5075828 

0-5074095 
0*5078201 


-'254 
1254 
1254 
'254 


-7 
8 

7 
8 


- 867 
864 

855 
840 


1 
t 

,0 


" S7t 
560 

573 
542 

Mean 


-59 
59 
59 
59 


0-5074703 
05075708 

0*5074035 
0-5078203 


-'254 
1254 
'254 
"54 


-7 
8 

7 
8 


- 758 
809 
864 
907 


1 




- 574 
557 
565 
53' 


-59 
59 
59 
59 






Mean 


•.. 


Time of Vibration of Mean Pendulum 


... 










General Mean 


... 



0-5072138 
0-5073083 

o-507'347 
0*5075498 

0-5073017 

0-5072051 
o ■ 5 o 7 3 o 2 I 
0-507 I 286 
05075444 
0-5072950 
05072984 
0*5072983 



'37 
'39 
1.^8 
140 



137 
'39 
'38 
140 



h m 


9 


9 


/ 










5 25 


33*896 


+ 8-12 


'7 


'7*50 


-034 


0-940 


6 24 


34*343 


8-12 


'5 


'7*34 


0-34 


0940 


7 25 


32872 


8-12 


'5 


16-97 


0-34 


0-943 


8 20 


34*720 


8-12 


'7 


16-56 


0-34 


0-94S 


17 40 


33*977 


+ 8M2 


'9 


'5-32 


+ 079 


0-939 


18 37 


34 -395 


8-12 


16 


16-31 


0-79 


0935 


'9 38 


32-902 


8-12 


16 


17-09 


079 


0932 


20 35 


35-877 


8-12 


'5 


17-69 


079 


0929 



Kisnapur. 

17-18 January, 1905. 



0-5074860 
0-5073871 
0-5077227 
0*5073073 



0-5074677 
0-5073757 
0-5077153 
0-5073056 



- 477 


- 8 


- 858 


-i 


- 558 


-61 


477 


6 


S'so 


& 


570 


61 


477 


6 


832 


i^ 


539 


61 


477 


8 


811 


§ 
1 


573 
Mean 


61 


- 477 


— 10 


- 75' 


§ 


- 558 


-61 


477 


7 


799 





567 


61 


477 


7 


837 


^, 


533 


61 


477 


6 


867 




563 


61 




Mean ... | 


e of Vil 


l>ratic 


►n of Id 


[ean Pe 


ndulum 


-1 



0*5072898 
0-5071907 
0S07S3«2 
0-507' 143 
0-5072815 

0-5072820 
0-507 1846 
0-5075238 
0-507 1082 

0-5072747 
0-507^781 



140 


5 34 


34*7081 


+ 8-12 


16 


17-26 


-0"II 


0-938 


'38 


6 35 


32879 


8-12 


'7 


17-17 


O'll 


0-939 


'.39 


7 3' 


34*362 


8-12 


'7 


17-06 


o-ii 


0-939 


'37 


833 


33 927 


8-12 


18 


16-93 


O'll 


0-940 


140 


'7 38 


34*739 


+ 8-12 


16 


16-25 


+ o-8o 


0-941 


'38 


'8 35 


32 896 


8-12 


'7 


16-97 


o-8o 


0-934 


'39 


'9 H 


34*359 


8 12 


16 


'7-83 


o-8o 


0929 


"37 


20 34 


33-902 


8-12 


'5 


"»S9 


o-8o| 


0-927 



18-19 January, 1905. 

0-5073081 
0-5077210 
0-5073830 
0-5074790 



0-5073015 
0-5077168 
o- 5073836 
0-5074846 



- 477 


- 7 


- 846 


'S 


- SM 


-61 


477 


8 


84' 




S.T7 


61 


477 


8 


836 


s 


569 


61 


477 


9 


830 





SS8 


61 








•1 


Mean 


... 


- 477 


- 7 


- 796 


i 


- 570 


-61 


477 


8 


832 


8 


534 


61 


477 


7 


874 





563 


61 


477 


6 911I 


9i 


55' 


61 


eof Vi 


brati< 


)n ofM 


Mn Pel 


Mean 
ndulum 


— 



0-5071 I 22 
0-5075286 
0.5071879 
0-5072855 

0-5072786 

0-5071 104 
0-5075256 

o-507'»54 
0-5072840 

05072764 
0-5072775 



'39 


5 35 


34-336 


4- 8-12 


17 


l8-02 


—0-06 


0-933 


'37 


t 33 


33 903 


8-12 


16 


17-91 


o-o6 


o*933 


140 


7 34 


34*692 


812 


'7 


17-88 


o-o6 


0-933 


'38 


832 


32 -868 


812 


'7 


17-84 


0-06 


0-933 


'39 


'7 50 


.14*368 


+ 8-12 


'7 


17-07 


+ 0*75 


o-93« 


'37 


18 51 


33*9»8 


8-12 


16 


17-91 


0-75 


0928 


140 


'7 50 


34-686 


8-12 


'7 


'859 


0-75 


0923 


'3« 


20 49 


32854 


8-12I 


18 


'^•23 


075 


0-921 



19-20 January, 1905. 
0*5073886 

o- 5074843 
0-5073117 
0-5077237 



0-5073815 
0-5074810 
0*5073129 
0-5077271 



- 477 


- 8 


- 883 


'2 


- 565 


-57 


477 


7 


878 




554 


57 


477 


8 


876 


a 


565 


57 


477 


8 


«74 




534 


57 








JO 


Mean 


... 


- 477 


- 8 


- 8?6 


g 


- 564 


-57 


477 


7 


878 


§ 


55 « 


57 


477 


8 


9" 





559 


57 


477* 


9 


942 


^ 


527 


57 



Mean .». 



Time of Vibration of Mean Pendulum 
Mean 17-20 January 



0*5071896 
0-5072870 

o-507i'34 
0-5075287 

0-5072797 

0-5071873 
05072840 
0-5071 I 17 
0*5075259 
0*507277* 
0-507278 5 
0*5072780 



J i yii l ^edbyVjCJ 



^ T 

tigle 
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Table I. Details of the Observations — {Continued). 



B 

P4 






-3 
la 



*o © 



e3 

o 



Tempera- 
ture 



o ^ 



(D 

'^ 2 

fl Pi 

OS « 



a 



o 



p 



Observed 

Time of 
Vibration 



Correction on account of 



o 

o 






bo 

06 



^ 



o 

p 



Beduced 
Time of 
Vibration 



Kisnapup. 
21-22 January, 1905. 





h m 


9 


9 











138 


5 49 


32*875 


+ 8-s. 


17 


17-32 


-OM3 


0*938 


140 


6 43 


34^704 


8-5' 


16 


17-19 


0*13 


0*938 


«37 


7 4« 


33*920 


8-Si 


16 


1710 


0*13 


0-939 


«39 


840 


34*363 


8S' 


16 


16*89 


0-13 


0*939 


138 


17 50 


32911 


+ 8-51 


17 


16-17 


+ i-i8 


0-937 


140 


1847 


34*723 


8-si 


17 


16-99 


i-i8 


0931 


137 


19 47 


33*9«o 


8si 


>7 


18-26 


i-i8 


0-924 


«39 


20 45 


34*321 


8s« 


17 


1939 


i-i8 


0920 



9 
0-5077220 

o*S07309» 
o- 5074807 
0-5073826 


- 500 
500 
500 
500 


- 8 

7 

7 


- 849 
842 
838 
828 


g 

11 

si 


- 537 

568 

558 

569 

Mean 


-56 
56 
56 
56 


o-S077'35 
0*5073049 
0-5074827 

0*50739*7 


- 500 
500 
500 
500 


- 8 
8 
8 
8 


-. 792 
833 
895 
950 


0- 


- 536 

564 
549 
558 


56 
S6 
56 


Mean 


... 


Time of Yibration of Mean Pendulum 


... 



—56 0-50 



75^70 

71118 

72848 
71866 



0-5072776 

75^43 
71088 
72819 
7184s 
05072749 
0-5072762 



0-50 
0-50 
0-50 
0-50 



140 

138 
139 
137 


6 49 

7 48 
84s 


34657 
32-839 
34*322 
33*890 


+ 8-5. 
8*5' 

8*Si 


'7 
»7 
16 
16 


»8*39 
18*37 
18 02 
1772 


— 0-26 
0*26 
0-26 
0*26 


0930 
0*931 
o*933 
0*934 


140 
138 

'39 
*37 


18 4 

19 a 

19 58 

20 57 


34-717 
32 '880 

34*348 
33-896 


+ 8-51 
8-5' 
8*5i 
8-51 


17 
>7 
17 
17 


16-69 
1709 
«7*S8 
1825 


+ 0-54 
0-54 
o*54 
0-54 


0-932 
o*93« 
0-927 
0-923 



22-23 January, 1905. 

0*5073191 
o* 5077308 
0*5073916 
o* 5074873 



0*5073062 
0*5077209 

0*5073859 
0-5074860 



- 500 


- 8 


- 90« 




- 564 


500 


8 


900 




ir,3 


500 


7 


883 


d 




S6i 


500 


7 


868 


0^ 


555 
Uean 


- 500 


- 8 


- 818 


ss- 


- 565 


500 


8 


837 


s 


5.W 


500 


8 


861 




S6j 


500 


8 


894 




548 



-57 
57 
57 
57 



Mean 

Time of Vibration of Mean Pendulum 

Mean 21 — 23 January 

Ghsneral Mean 



0-5071 161 

0*5075310 
o '507 I 904 
0-507 2886 

0*5072815 

0*5071 1 14 

05075274 
0507 1871 
0-5072853 

0*5072778 

0-5072797 

05072780 

0*5072780 





\m 


9 


9 










'37 
'39 
«38 
140 


7 5 

8 18 

9 28 
10 29 


33*629 
34 054 
32*603 

34*397 


+ 19*69 
19-69 
19*69 
19 69 


'7 
'7 
18 

'7 


'5*o6 
»5*i5 
i5-'8 
15-21 


+ 0*04 
0-04 
0*04 
0*04 


0-934 
0934 
0*935 

o*934 


'37 
'39 
'38 
140 


19 8 

20 7 

21 15 

22 14 


33-637 
34-070 
32-613 
34-403 


+ 19*69 
19 69 
19-69 
1969 


18 
16 
16 
'5 


'4-47 
14-65 
'4*77 
14*87 


+ 0-12 

0-I2 
0-12 
0*12 


0*943 
o*939 
0*939 
0-938 



Jalpaigurl. 
31 January — 1 February, 1905. 



0*5075463 
0-5074507 
0-5077876 
0*5073752 



0-5075445 
o- 5074472 
0*5077850 
0-5073741 



-1156 

1156 
1.56 

1156 


- 8 
8 

9 
8 


- 738 
742 
744 
745 


+ 1 

I 
I 
I 


-555 

566 

535 
566 

Mean 


-50 
50 
50 
SO 


9 
0-5072957 
0-507 1986 

0-5075383 
05071228 

0-5072889 


-1156 

1156 

II56 
1156 


- 9 

7 

I 


- 709 
718 

724 
729 


+ 3 
3 
3 
3 


- 560 
569 
537 
568 

Mean 


-46 
46 
46 
46 


0-5072968 
0-5071979 

0*5075383 
0-5071239 

0*5072892 



Time of Vibration of Mean Pendulnm 



0'5072890 



140 


6i52 


34-40« 


+ 20'09 


18 


'4-77 


+ 0-0I 


0-940 


'38 


7 35 


32*605 


20-09 


20 


«4-83 


O'OI 


0*939 


'39 


8 38 


34-062 


20' 09 


16 


'4-83 


O'O! 


0-941 


'37 


9 48 


33-626 


20-09 


'5 


14-81 


001 


0-940 


140 


19 10 


34-980 


+ 20-09 


'7 


14-40 


+ 0-I0 


0-942 


'38 


20 15 


32-613 


20-09 


'7 


'452 


o-io 


0*94' 


'39 


21 18 


34-062 


20*09 


18 


14-60 


o-io 


0-940 


«37 


22 21 


33-63<^ 


20*09 


'5 


'4-73 


0*iO 


0-939 



i-s February, 1905. 

0*507374' 
0-5077870 
0*5074490 
0-5075469 



0-5073732 
0*5077851 
0*5074488 
0-5075461 



-11791 


- 9 


- 724 





- 570 


-44 


"79 


11 


727 





537 


44 


"79 


7 


727 





570 


44 


"79 


6 


726 





558 
Mean 


44 


-"79 


- 8 


- 706 


•»■ 3 


- 57' 


-44 


"79 


8 


711 


3 


538 


44 


"79 


9 


7'5 


3 


S70 


44 


"79 


6 


722 


3 


558 


44 




Mean 


... 


e of Vil 


bratic 


m of M 


eanPe 


ndulum 


••• 



J i g i t i DOO 



0-5071 215 

0*5075372 
0*5071963 
0*5072956 

0-5072877 

0*5071227 
0*5075374 
0-5071974 
0-5072955 
0-5072882 

0'507288G 



^,e 
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g 


Tempera- 







3 . 




4-» 


<i 


ture 


'-^ 


1 




s 



G4 


a 

GQ 

a 


IS 




;:2 s^ 


«4-l 


OQ 

a 


CiQ 






^ 


P4 


fi 





Correction on account of 


Observed 


1 




^, 




c«-i 




Time of 




3 







? 


Vibration 


« 





S 


to 


^^ 


a 







<; 





e3 


•5<, 











a 




s 


P^ 














p 





Eeduced 

Time of 

Vibration 



2-3 February, 1905. 





h m 


8 


a 










'39 


6 27 


34 064 


4- 20 35 


16 


'4*34 


4-002 


0-943 


137 


7 4» 


33*633 


20-35 


12 


'4*37 


0-02 


0-943 


140 


844 


34-407 


20-35 


»3 


'4-38 


0*02 


0-941 


138 


9 47 


32-610 


20 35 


'7 


1442 


0-02 


0-941 


«39 


19 4 


34 -066 


4-20-35 


'7 


I4-I3 


4-0-09 


0-944 


'37 


20 9 


33-645 


20-35 


'4 


14*28 


0*09 


0-944 


140 


21 II 


34-409 


20 35 


16 


'4*37 


009 


0-943 


I3« 


22 18 


31-611 


2035 


16 


I4-43 


0*09 


0940 



s 

0-5074485 


-1 195 


- 7 


- 703 


4- I 


- 57' 


0*5075455 


1195 


4 


704 


I 


560 


o- 507373' 


1195 


5 


705 


I 


570 


0-5077858 


'»95 


8 


707 


1 


538 
Mean 


0-5074480 


-»'95 


- 8 


- 692 


4- 2 


- 572 


0-5075426 


«»95 


5 


700 


2 


561 


05073727 


"95 


7 


704 


2 


571 


0-5077855 


"95 


7 


707 


2 


538 



-43 
43 
43 
43 



-42 
42 
42 
42 



Meon 

Time of Vibration of Mean Pendulum 

General Mean 



0-5071967 
0-5072950 
0-3071214 
0-5075368 

0-5072875 

0-5071973 
05072925 
0-5071210 
0-5075368 

0-507286 9 

0-5072872 

0*5072881 



Kesarbari. 
14-15 February, 1905. 





h m 


9 


9 


/ 










'37 


7 49 


34-122 


+ 2-16 


'7 


"5*92 


4-0*13 


0*937 


'39 


8 47 


34-563 


2-16 


'5 


15*98 


0-13 


0937 


138 


9 45 


33 071 


2-i6 


'5 


1610 


0-13 


0934 


140 


10 42 


34-9" 


a-j6 


'5 


16-30 


0'3 


0-933 


'37 


'9 57 


34*128 


4- 2-16 


'5 


'5*24 


+ 0-49 


o*934 


139 


20 56 


34-570 


2*16! 14 


.5*82 


0-49 


0934 


'38 


2' 54 


33*055 


3-i6 14 


«6-53 


0-49 


0-934 


140 


22 46 


34 899 


2-i6 


'4 


16-40 


0*49 


0-935 



f 
0-5074356 
0-5073393 
0*5076755 
0-5072652 


-127 

127 

127 
127 


- 8 
6 
6 
6 


- 780 
783 
789 
799 


+ 3 
3 
3 
3 


- 557 
568 

534 

565 

Mean 


o* 507434?; 
o- 5073379 

0-5076793 
0*5072676 


-127 
127 
127 
127 


- 6 
5 
5 
5 


- 747 
775 
809 
804 


4- 12 
12 
12 
12 


- 555 
566 

534 
567 



-71 

7> 
7» 
7' 



Mean 

Time of Vibration of Mean Pendulum 

Do. not applying lag correction 



0-5072816 
0-507184 I 
0-5075231 
0-507 1087 

0-5072744 

0-5072851 

0-5071847 

0-5075259 
0-5071 I 14 

0-5072768 

05072756 

0*5072748 



15-16 February, 1905. 



140 


6 59 


34*900 


4- 2-16 


13 


16-04 


4-0-17 


0938 


«38 


7 58 


33*052 


2-i6 


16 


16-26 


0-17 


0-938 


»39 


8 56 


34*537 


2-16 


16 


16-40 


0-17 


0937 


'37 


9 55 


34*093 


2-16 


14 


'6-55 


0-17 


0-935 


140 


'9 5.^ 


34-897 


4- 2-16 


16 


'5-98 


4-0-32 


0*937 


I3« 


20 49 


33-043 


2-16 


«7 


'6-35 


032 


0934 


'39 


21 43 


34-524 


3-l6 


16 


16*72 


32 


933 


'37 


32 40 


34077 


3- 16 


16 


16*84 


0-32 


o*933 



0-5072675 
0-5076800 
0-5073450 
0-5074421 


-127 

127 

127 
»27 


- 5 
7 
7 
5 


- 786 

797 
804 
811 


4- 4 

4 
4 
4 


- 568 

537 

568 

555 

Mean 


0*5072681 
5076821 
0*5073478 
0-5074456 


-127 
127 

127 

127 


- 7 
8 

7 
7 


- 783 
801 
819 
82s 


4- 8 
8 
8 
8 


- 568 
534 
565 

554 



Mean 

Time of Vibration of Mean Pendulum 

Do. not applying lag correction 



0-5071122 
0-5075265 
0-5071877 
0-5072856 

0-507278 o 

0-5071133 
0-5075288 
0-5071897 
0-507 3880 

0-5072799 

0*5072790 

0*5072784 



'37 


7 '4 


34-074 


+ 3*17 


t8 


16-74 


+ 0-07 


16-17 1 
934 


'39 


8 9 


34*5^9 


2-17 


19 


1684 


0-07 


0-934 


i.38 


9 5 


.^3*024 


3-17 


16 


16-90 


0-07 


0*934 


140 


10 


34 865 


317 


'5 


16-93 


007 


0*937 


'37 


20 18 


34*076 


4. 2-17 


'7 


16-51 


4-0*17 


o*934 


'39 


21 12 


34* 5 '4 


3-17 


16 


16*89 


0-I7 


0-931 


138 


23 10 


33019 


3-17 


»5 


16-97 


0-I7 


0-931 


140 


32 5 


34*854 


3 17 


'5 


17-09 


017 


o*93' 



16-17 February, 1905. 

o* 5074463 
0-5073467 
0-5076867 
0-5072748 



0-5074458 
0-5073500 
0-5076880 
0-5072771 



-127 
127 


- 9 
10 


- 820 
825 


4- 3 
3 


- 555 
566 


-71 
7' 


127 

127 


7 
6 


828 
830 


3 
3 


534 
568 

Mean 


7' 
7» 


-127 
127 
127 
127 


- 8 

7 
6 
6 


— 809 
828 
832 
837 


4- 4 
4 

4 
4 


- 555 
564 
533 
564 
Mean 


-71 
7' 
7' 
71 



0-5072883 

o 5071870 

0-5075302 
0-5I7I 148 

0-5073801 

0-5072893 
0*5071907 

o*50753i5 
0-507 I 1 70 

0-5072821 



Time of Vibnvtion of Moan Pehdulum ...J 0*50728 1 1 



Do. not applying lag eorrectiJfi'Q'J j^3072eog 



Ogle _ 
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Table I. Details of the Observation9'^{Continued). 



B 




S 


h 


1 


2 

< 


Tempera- 
ture 


.ft 
< 


Obeerved 


Correction on account of 


Beduoed 




S) 


0* 




s 




Cm 






•55 

.5 S 
OM 


M 


s 


^ 
5 ^ 


§s 


►» 


Time of 


13 




s 







1 


Time of 


& 


1 


a 

1 


11 


il- 


(3 


Vibration 


1 

6 


2 

< 


1 

1 


1 




Vibration 


17-18 February, 1905. | 




k m 


t 


9 


/ 


e 


e 




9 














# 


140 


7 18 


34-853 


+ 2-17 


16 


17-18 


-1-0-14 


0-9.13 


0-5072773 


-127 


-7 


^ 842 


+ 4 


- 565 


-71 


0-5071165 


138 


8 17 


.^3-005 


2-17 


16 


"7*3.'; 


0-14 


0-931 


0-5076911 


127 


7 


850 


4 


$.^3 


7» 


0^5075327 


'39 


9 »» 


.U-494 


2-17 


»s 


17-48 


0-I4 


0-932 


0-5073542 


127 


6 


5F 


4 


565 


7« 


0-5071920 


"37 


10 8 


34030 


217 


>5 


17-58 


0-14 


o-93» 


05074516 


127 


6 


861 


4 


554 
Mean 


7' 


05073901 
0*5073828 


140 


20 5 


34-8.^6 


+ 2-17 


16 


»7'35 


+ 0'3S 


0*931 


0-5072811 


-127 


-7 


- 850 


+ 9 


- 564 


-7' 


0-5071201 


'38 


21 6 


3»*99S 


217 


16 


'7-75 


o-,S5 


0-931 


0-5076935 


127 


7 


870 


9 


533 


71 


0-5075336 


139 


22 2 


34'473 


217 


16 


18*11 


0-35 


0-926 


o-S07.^.«?88 


127 


7 


887 


9 


561 


71 


0*5071944 


»37 


23 10 


34031 


217 


14 


18 38 


o*35 


0-924 


0*5074580 


127 


5 


901 


9 


549 


7i 


05072936 


Mean ... 


0-5072854 


Time of Vibration of Mean Pendulum ... 


0-5072841 


Do. not applying lag correction ... 


0*5072835 


General Mean with ,» 


0*5072799 


„ without ft 


05072794 


Ramchandpur. 1 


25-26 February, 1^05. | 




h m 


9 


9 


/ 










9 














t 


137 


844 


.U«43 


- 0-84 


16 


-7-6s 


-004 


0-932 


0-5074309 


+ 49 


-7 


- 86s 


— 1 


- 554 


-69 


0-5079863 


1.^9 


9 4a 


.H-588 


0*84 


16 


'7'5i 


0*04 


09.^3 


0-507.^340 


49 


7 


858 


1 


565 


69 


0*5071889 


138 


>o 39 


33 096 


0-84 


15 


17-46 


0*04 


0-932 


0*5076698 


49 


6 


856 


I 


533 


69 


0-5075383 


140 


Jl 35 


34' 969 


0-84 


16 


»7-56 


0-04 


0932 


0-5072529 


49 


7 


860 


• 


565 
Mean 


69 


0-5071076 
0-5072777 


»37 


«o 34 


.U'»72 


- 084 


»7 


1724 


+ 0-39 


0931 


0-5074245 


+ 49 


-8 


- 845 


+ 10 


- 553 


-69 


0-5072839 


139 


21 27 


34 605 


0-84 


16 


17-63 


0-39 


0-929 


0-5073.103 


49 


7 


864 


10 


563 


69 


0-5071859 


138 


22 22 


33»oo 


0-84 


»7 


17-99 


0*39 


0*936 


0-5076688 


49 


8 


882 


lO 


530 


69 


0-507.S258 


140 


33 18 


34 950 


0-84 


16 


18-28 


o*39 


0*924 


0-5072568 


49 


7 


896 


10 


560 


69 


0-5071095 


Mean ... 


0-5072760 


Time of Vibration of Mean Pendulum ... 


05072769 


Bo. not applying lag correction ... 


0-5072764 


26-27 *'©bruary, 1905. | 


140 


7 £< 


34*9.U 


- 018 


16 


17-90 


-0-09 


o-93» 


0-5072603 


+ 12 


-I 


- 877 


— 2 


- 56s 


-.68 


0*5071096 


138 


8 48 


.^3092 


018 


«5 


17-83 


0*09 


0933 


0*5076707 


12 


874 


2 


534 


68 


0*5075335 


139 


9 56 


.H'64» 


oi8 


«5 


17-71 


0-09 


0-933 


50732^6 


12 


6 


868 


3 . 


565 


68 


0-5071729 


'37 


JO 53 


34«43 


o-i8 


»5 


17-67 


0-09 


0933 


0-5074312 


12 


6 


866 


2 


554 
Mean 


68 


0-5072838 
0-5073722 


140 


ao I a 


.H'9i5 


- 018 


16 


«9-38 


+ 0*10 


o-9'5 


05072643 


+ 12 


-7 


-^ OSol'*' 3 


- 561 


-68 


0*5071072 


i.^« 


21 13 


.13 063 


o-i8 


18 


»9'39 


o-io 


0934 


0-5076773 


12 


9 


950 


3 


5.34 


68 


o-SQ75'»J 


139 


32 9 


.U544 


o'i8 


«5 


19-49 


0*10 


o-9.?3 


0-507.34,35 


12 


6 


955 


3 


565 


68 


0-5071856 


»37 


23^11 


34'io« 


018 


15 1 19-66 


0*10 


0-932 


0-5074403 


42 


6 


963I 3 


554 


68 


0-5072827 


Mean ... 


05072746 


Time of Vibration of Mean Pendulum ... 


0-5072734 


Do. not applying lag correction .,» 


0*5072733 


27-28 Februar}', 1905. | 


''.^9 


748 


34-519 


+ 0-71 


16 


18-93 


— o-oi 


0927 


0-5073490 


- 42 


-7 


— 928 





~ 562 


-6« 


0-5071885 


»37 


844 


34-o8(. 


o'7i 


15 


18-91 


001 


0-926 


0*50744.36 


42 


6 


927 





550 


66 


0-5073845 


140 


9 43 


34 884 


071 


16 


18-87 


O'OI 


0-92 r 


0-5072708 


42 


7 


925 





562 


e€ 


0*507 1 io6 


138 


10 41 


.«-«>38 


071 


"5 


»8'93 


O'Oi 


0-9.2^ 


0-5076832 


42 


6 


928 





S3<3^ 
Mean 


M 


0-5075260 
0-5073774 


«.^9 


20 24 


34-5'.^ 


\ + 0-71 


16 


20 -08 


+ 0-32 


0-921 


0-5073501 


1- 42 


-7 


- 984 


•f a 


- 558 


-66 


0-5071852 


•37 


21 27 


34 06. 


I 0*71 


"5 


20*24 


0-33 


0*918 


0-5074490 


42 


6 


992 


8 


545 


66 


0-5072847 


140 


22 SA 


.^•85^ 


; 0-7] 


»S 


20*64 


0-32 


o'9'5 


0-5072773 


42 


6 


ion 


8 


554 


66 


0-507 1 102 


>38 


23 39 


ss'^: 


\ 0-71 


15 i 21 '02 


0-33 


0-913 


0*5076916 


42 1 6 


1030 


8 


52a 


66 


©•5075258 


Mean ... 


0*5072765 


Time of Vibration of Mean Pendulum ... 


0-5072769 


Do. not appljine la(? correction ... 
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B 

1 


i 

1 


9 

Ti a* 

OM 



S 


e 

•< 

•i 

CO 

J 


Tempera- ! 


< 
«M 

'S 

p 


Obserred 

Time of 

Vibration 


Correction on account of 


Eeduced 

Time of 
Vibration 






1^ 





< 


2 

1 

1 


1 








Siliguri. 1 

12-13 March, 1905. 1 


137 
*,^ 
•38 
140 


h m 
9 a8 

10 33 

11 «o 

la 19 


33 980 
34'4»5 
32-934 
34*76; 


s 
+ 179 
1-79 

1-79 
179 


.6 

17 
16 

15 


18-97 
19-07 

19-06 
1901 




4-0-OI 

O'OI 

001 
o-oi 


o-9'3 
0*910 
0*910 
0*913 


s 
0-. 5074672 

0-5073712 
0-5077080 
0-507^957 


-105 

»o5 
105 
»05 


-7 

8 

7 
6 


- 930 
934 
934 
93« 








- 542 

.S5* 

521 

553 

Mean 


-64 
64 
64 
64 


• 
0-5073034 
0-5073050 

o-5«*7S449 
0-5011398 

0-5072955 


137 

139 
138 
140 


21 41 
2a 34 

^3 35 
31 


3,r992 
34-4»2 
32-930 
34-748! 


+ 1*79 
179 

1-79 

1-79! 


18 
18 
16 


I8-4I 
»8-73 
«9 »3 
19^-56 


+0-41 
041 

41 
041 


0-914 
0*912 
0*909 
0*906 


0-5074646 
0-507.^699 

o- 5077090 

0-5073996 


-105 
»05 
105 
»o5 


-9 
9 
7 
6 


^ 902 
9.8 
937 
9581 


+ 10 
10 
»o 

to 


- 543 
553 
520 
549 


-64 
64 
64 
64 


5073033 
507 2060 
5075467 
0*5071324 




Mesn ... 


0-5072971 




Time of Vibration of Me»n Pendulum ... 


0*5072963 




Do. not appljing lag correction ... 


0'5072958 




13-14 March, 1905. | 


140 
138 
»39 
»37 


9 6 
»o 5 
II I 
la 4 


34'7i8 
33-892 
34 376 
33*933 


+ 2-57 
2*57 
2-57 
a-57 


14 
16 

14 
16 


19-83 
.981 
1980 

«9'89 


+ 0'p2 
0-03 
0-02 
0-02 


0*912 
0*912 
0*912 
o'Qia 


0*5073060 

o-5077«79 
0-5073798 
0-5074777 


-151 
15' 


7 
7 


- 972 

97* 
970 

97f 


+ I 

I 
1 


- SBS 
522 

553 
542 

Mean 


-64 
64 
64 
64 


0-507 1-31 6 
o-5 7.>46 5 
o-50730i;6 
05073039 

0*5073969 


140 
138 
»39 
137 


»" 3> 

32 28 

23 26 
as 


34- 729 
32 894 
34*37« 
33-921 


+ 2-57 
2-S7 
2-57 
257 


»7 
18 
16 
«5 


»9*56 
1982 

30' 14 

ao-49 


+ 0-33 
0-33 
33 
033 


0-9J3 
0-910 
0*907 
0-905 


0-.>O7.^o38 

o*5077'73 
0*5.073810 
Q- 5074800 




-8 
9 
7 
S 


' 958 
97' 
987 
1004 


■¥ 8 
8 
8 
8 


- 553 
52» 
550 
5.^8 


-64 
64 
64 
64 


0-5071312 
0-5075465 
0-50*2059 
05073045 




Mean ... 


0*507 2 970 




Time of Vibration of Mean Pendulum ... 


5072970 




D<>. Bot applji-rtg 1«^ conreeiioft . . . 


0^077^65 




14.15 March, 1905. 1 


»39 
»37 
140 
• 38 


8 50 

9 47 
10 42 

.1 38 


34-348 
33'9«o 
34-701 
32-872 


+ 2 80I 
3-8o 
3-8o 
3-8o 


16 
16 
16 
«7 


30 48 

20 43 
30 40 
20 36 


— 004 
004 
004 
0*04 


0-908 
0908 
908 
0*908 


0*507.^859 
o*5074.'<28 
0-507.^098 
0-5077228 


-.64 
.64 
164 
.64 


i-7 

1 7 

1^ 


— 1004 
1001 
1000 
998 


— 1 

1 
1 

1 


- 550 
53<^ 

550 
519. 


-^64 
64 
64 
64 


0-5072 06-9 
0-507305 2 

• 5 7 » 3 1 2 
0-5075474 




















1 






Mean 




0-5072977 


•39 

»37 
140 

•38 


31 34 
23 j8 

23 "4 
13 


34 363 

34-701 
32-869 


+ 2 80 
a 80 

3-80 

a SJ 


16 
16 

'.«5 
16 


19 84 
2003 

20 30 
ao-8o 


+ 0*32 
032 
032 
0-32 


0-911 
0-908 
0-906 
0-903 


0-5073826 
0.5074810 

0-5073097 
0-5077236 


-^.641-7 

164' 7 
164 6 

r 164 7 


- 972 
98. 

905 
»oi'9 


+ 8 

8 
1 8 


549 
5'7 


-64 
64 
64 
64 


0*5072075 
0-5073063 
0-5071327 
05075473 




Mean ... 


0-5072984 




Time of Vibration »f Mean Pendulum ... 


0-5072980 




Do. not applying lap correction ... 


0-5072977 




15-16 March, 1905. | 


138 
140 

»37 
139 


9 «i 

10 13 

• I to 
" 5 


32-846 
34-672 
33-886 
34- 3*3 


+ 3-47 
3*47 
3'47 
3-47 


16 
H 
14 
I.S 


ai-o^ 
20 -88 
20-80 

20"J» 


■.-0-09 
009 
0-09 
0*09 


0-905: 
0-907 
0-906 
906 


o- 5077290 
0*5073160. 
o- 5074880 
o"50739»5 


-204 
204 

ao4 
204 


-7 

1 


-1030 
1023 
1019 

lOhS 


— 2 
a 
2 
2 


- 519 
550 
538 
549 

Mean 


-64 
64 
64 
64 


0-5075464 
0-5071/31 2 
0-50730-48 
o-507ao72 

0-50729:74 


138 

140 

i37 
1 39 


^1 37 

21 30 

o a6 


32-84^9 
34-688 
33-90.1 
34-338 


+ a- 47 
3-47 
3-47 
347 


t7 
16 

»S 
'2 


20'75 
20-98 
21-28 
2I-6S 


+ 0-32 
0-32 
0-32 
0-3;! 


0905 
0-903 
0*900 
0.892 


0*5077282 
o-.so73i^ 
0-5074849 
Q*V>73883 


-204 
204 
304 

204 


-8 

I 


-1017 
1028 

'043 
1061 


•1- » 
8 
8 
» 


- 518, 
547 
535 
544 


-64 
64 
64 
64 


0-5075479 
0*5071285 
0-5073005 
0-5071010 




Mean ... 
Thne of Vibration of Mean Pendulum ... 


, 0-507^945 
05072960 




Do. not applying lag correction ... 


05072957 



'gle_ 
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Table I. Details of the Observatiotu-^ {Continued). 



3 

1 


1 

15 
g 


ll 




1 




< 

'a 

GQ 

a 


Tempern- 
ture 



*S 

i 


Observed 

Time of 

Vibration 


Correction on account of 


Eeduced 

Time of 

Vibration 


« cS 






-si 









£ 


bo 

08 

Hi 




2 
Hi 




Darjeeling. 




20-21 Marcb, 1905. 


'37 

138 
140 


h m 

10 II 

11 lO 
«2 5 
13 59 


33*57' 
33*998 
32-550 
34 '334 


t 
+ 7*'3 
7'3 
7-'3 
7*»3 


IQ 
16 


i2-75 
12-91 
12 97 
'3 02 




-F0-09 
009 
0'09 
0-09 


0*7.35 
0-735 
0-735 
0-735 


s 
o-5o7559^» 
0-5074633 
0-5078003 
0-5073891 


-419 

419 
419 
419 


-10 
9 
9 

7 


- 625 
633 
636 
638 


4- 2 

2 
2 
3 


- 437 
445 
420 

445 

Mean 


-57 
57 
57 
57 


9 
0-5074050 
0*5073072 
05076464 
0*5072327 
0*5073978 


137 
«39 
'38 
140 


22 20 

23 18 
16 

' 25 


33-558 
33*989 
32-550 
34-336 


+ 7*'3 
7* '3 
7'3 
7'3 


'7 
'7 
16 

'5 


13*34 
1318 

«3*.^3 
'3 38 


+ 0-05 
0*05 
005 
©••5 


o-7.=i8 
0-737 
0-7.36 
0-735 


0*5075623 
o- 5074651 
0-5078003 
0- 507.5887 


-419 
419 
419 
419 


- 8 
8 

7 
6 


- 654 
646 

653 
656 


f I 

1 
I 
I 


- 438 
447 
421 

445 


-57 
57 
57 
57 


0-5074048 
05073075 
05076447 
05072305 




Mean ... 


0-5073969 




Time of Vibration of Mean Pendulum ... 


0*5073974 




21-22 March, 1905. 


140 
'38 
139 
'37 


9 4 

9 59 
'o 55 
" 50 


34-324 
32*537 
33 980 
33*553 


+ 7*38 
7*38 
738 
738 


'7 
16 

'7 
'7 


'3*49 
'3 43 
'3*43 
'354 


-I-0-02 
0'02 
C02 
0-02 


0*734 
0734 
o'734 
o*734 


o- 50739 16 
o- 5078033 

0-5074672 
0*5075636 


-4.33 
433 
433 
433 


- 8 

7 
8 
8 


- 661 
658 
658 
663 


4- I 

1 

I 


- 445 
420 

445 
436 

Mean 


57 
57 
57 


0*5072307 
0-5076459 
05073072 
0*5074040 

05073969 


140 
138 
»39 
137 


3' 55 

22 52 

23 5' 
49 


34*322 
32-532 
33 98' 
33*549 


+ 7-38 
738 
7*38 
738 


'7 
«7 
«7 
'7 


13-48 
'3-56 
•3-49 
'3*5' 


-.0*01 
001 

o-oi 

Q-Ol 


0*734 
0-7.M 
0734 
0*734 


o-50739'6 
0-5078047 
o- 5074667 
0-5075646 


-4.33 
433 
433 
433 


- 8 
8 
8 
8 


- 661 
664 
661 
662 








- 445 
420 

445 
4.36 


-57 
57 
57 
57 


0-5072312 
0.5076465 
0-5073063 
0*5074050 




Mean ... 


05073973 




Time of Vibration of Mean Pendulum ... 


05073971 




22-23 March, 1905. • 1 


'39 
'37 
140 
'38 


9 6 

10 6 

11 I 
" 57 


33*986 
33*554 
34*325 
32-536 


+ 7'9 
7*'9 
719 

7*'9 


16 

'7 


'3*44 
'3 45 
13-42 


4- 0-03 
003 
o-o.? 

003 


0-735 
0-734 
0-737 
0-737 


05074658 

o- 5075635 
o- 507.^909 
0-5078038 


-422 
422 
422 
422 


- 8 
8 

7 
8 


- 653 
659 
659 
658 


4- 1 
1 

I 
I 


- 445 
436 
447 
422 

Mean 


-57 
57 
57 
57 


0*5073074 
05074054 
5072318 
5076472 

05073979 


'39 
'37 
140 
'38 


22 8 

23 5 

3 

1 I 


33*994 
33*559 
34327 
33*540 


+ 7''9 
7-19 
719 
719 


18 

17 
16 
16 


'3-29 
»3-5' 
'3*54 
13-40 


-1-0-04 
004 
0*04 

0*04 


0-736 
o*735 
0*736 
0-734 


0-5074641 
0-5075622 
o- 5073907 

0-5078027 


-422 
422 
422 
422 


- 9 

8 

7 

7 


- 651 
662 
66^ 
65*7 


-1- I 

1 
1 
I 


- 446 

446 
420 


-57 
57 
57 
57 


0-5073057 
0-5074037 
0*5072313 
0-5076465 




Mean ... 


0*5073968 




Time of Vibration of Mean Pendulum ... 


5073974 




Kurseong. 




37-28 March, 1905. 


137 
'39 
'38 
140 


h m 
10 36 

" 34 
12 31 

'3 24 


9 

33 632 
34*062 
U'6i6 
34*405 


+ 8-43 
8-43 
8*43 
8*43 


/ 

»9 
»7 
16 

'7 


'■5*- 05 
i:;o8 
i*5*o8 
'S-04 



— 0*01 

001 

O'Oi 
O-OI 


0-787 
0786 
0-786 
0-686 


s 

0*5075455 
0-5074488 

0-5077843 
0*5073735 


-495 
495 
495 
495 


-10 
8 

1 


- 737 
739 
739 
737 









- 467 
476 
450 
476 

Mean 


-35 
35 
3S 
35 


0-5073711 

05072735 
0-50761 1 7 

0-5071984 
05073637 


'37 

'38 
140 


22 34 

23 30 

26 

1 31 


33-616 
34*042 
32 590 
34*374 


+ 8*43 
8-43 
8-43 
8*43 


»7 
16 

'5 
'4 


'5*73 
'5*77 
'5*9' 
16*09 


+ o*'3 
013 
0-13 
013 


0*785 
0-784 
0-784 
0-782 


0-507549' 

0-5074532 

o- 5077906 

0*5073803 


-495 
495 
495 
495 


- 8 

7 
6 

5 


- 771 

773 
780 
788 


+ 3 
3 
3 
3 


- 466 
475 
448 
474 


-35 

35 
35 


o*50737'9 
05072750 
0*4076 105 
0-5072009 




Mean ... 


0-5073646 
T}-5073641 




Time of Vibration of Mean Penduli^cl by 



Table I. Details of the Observations — (Continued). 
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i 



-a 

'd 



'oh 
O 



^ 



O 



Tempera- 
ture 



-^ d 



;^ 






1^ 



o 



P 



Observed 

Time of 

Vibration 



Correction on account of 



o 
o 



2 




<« 


a 







4-1 






2 


bp 


■fe-fl 







•s<, 


d 




<u 






P 



3 

g 



Eeduced 
Time of 
Vibration 



28-29 March, 1905. 





h m 


8 


9 










140 


9 56 


34-358 


+ 898 


»4 


16-50 


-o-io 


0-784 


138 


10 53 


32-570 


898 


18 


16-40 


O'lO 


0784 


»39 


II 47 


34*019 


898 


16 


i6-33 


o-io 


0-784 


«37 


12 43 


33*595 


8-98 


>4 


l6*31 


O-IO 


0-782 


140 


22 31 


34*352 


+ 8-98 


17 


1659 


+ 0'I2 


0-783 


138 


23 29 


32 566 


8-98 


16 


16-65 


0-I2 


0-781 


139 


24 


34*010 


8-98 


16 


16-77 


0-12 


0-781 


137 


I 22 


33*575 


8-98 


»S 


16*91 


0-I2 


0-778 



9 
0-5073837 


-527 


-5 


- 809 


- 3 


- 475 


0-5077953 


527 


9 


804 


3 


448 


0-5074585 


527 


7 


800 


3 


475 


0-5075542 


527 


5 


794 


3 


465 
Mean 


0-5073852 


-527 


-8 


- 813 


+ 3 


- 474 


0-5077965 


527 


7 


816 


3 


447 


0-5074606 


527 


7 


822 


3 


473 


0*5075586 


527 


6 


829 


3 


462 



-35 
35 
35 
35 



Mean 
Time of Vibration of Mean Pendulum 



0-5071983 
0-5076127 
0-5072738 
o-50737'3 
0*5073640 

0-5071998 
0-5076136 

0-5072745 
05073730 

0-5073652 

05073646 



29-30 March, 1905. 



139 

'37 
140 
138 


9 46 

10 43 
u 38 
12 34 


34*007 
33*581 
34*347 
32-563 


+ 9*03 
9*03 
9*03 
9*03 


18 
16 
16 
18 


16-64 

16-67 

16 -59 
16-62 


— 0-03 
0*03 
003 
0-03 


0-780 
0-781 
0-779 
0-779 


'39 
137 
140 
i38 


22 38 

23 33 

35 

1 32 


34*010 
33*582 
34*344 
32*554 


+ 9*03 
9*03 
903 
903 


16 
14 
U 
16 


16-44 
16-54 
16-74 
i6-88 


4-0-17 
0-17 
0-17 
0-17 


0-781 
0-781 
0-778 
0-778 



0-5074610 


-530 


-9 


- 815 


— I 


- 473 


0-5075572 


530 


7 


817 


I 


464 


0-5073861 


530 


7 


813 


I 


472 


0-5077973 


530 


9 


814 


I 


446 
Mean 


- 5074606 


-530 


-7 


- 806 


+ 4 


- 473 


0*5075571 


530 


5 


810 


4 


464 


0-5073868 


530 


5 


820 


4 


47' 


0-5077995 


530 


7 


827 


4 


445 



-35 
35 
35 
35 



Mean 
Time of Vibration of Mean Pendulum 



0-5072747 
o-50737«8 
0-5072003 
0-5076138 

0-5073652 

0*5072759 
0507373' 
0-507201 I 

0-5076155 
0-5073664 
05073658 



31 March — i April, 1905. 



'38 

140 

'37 
'39 


9 55 

10 50 

11 47 
'2 43 


32-558 
34*347 
33 581 
34-014 


+ 9*73 
9*73 
9*73 
9*73 


'5 
'5 
'4 
»7 


'5*70 
15*66 
'5*65 
15-48 


— 0-06 
o-o6 
o'o6 
006 


0-781 
0-781 
0-781 
0781 


'38 
140 

'37 
'39 


22 58 

23 57 
52 

» 5' 


32*594 
34-371 
33*595 
34*020 


+ 9*73 
9-73 
9*73 
9*73 


16 
'5 
'4 
'5 


'4*93 
'5*37 
'5*59 
'5*79 


+ 0-27 
027 
0-27 
0-27 


0-781 
0-781 
0-780 
0-780 



0-5077983 
0-5073860 

0-5075572 

0-5074595 


-57' 
57' 

57' 
57' 


-6 
6 

5 
8 


- 769 
767 
767 
759 




2 
2 
2 
2 


- 447 

473 

464 

473 

Mean 


-35 
35 
35 
35 


0-5077897 
0-5073811 

0-5075541 
0-5074581 


-57' 
57» 
57' 

57' 


-7 
6 

1 


- 732 
753 
764 

774 


+ 


7 
7 
7 
7 


- 447 
473 
463 
473 


-35 
35 
35 
35 




Mean 


... 


Time 


» of Vil 


)ratio 


nof M 


can 


Pel 


idulum 


... 



0-5076153 

0*5072006 

05073728 
0-5072747 

0*5073659 

0-50761 I 2 
0-5071 980 
0-5073710 
0-5072729 

0-5073633 

0*5073646 



Sandakphu. 
lo-ii April, 1905. 





h m 


9 


9 


/ 










'37 
'.?9 
'.38 
140 


1 49 

2 44 

3 44 

4 40 


33*472 
33 894 
32-456 
34*229 


+ 3*295 

3*295 
3*295 
3*295 


'5 
17 
16 

'5 


7*32 
7*49 
7*54 
7*59 


+ o-oR 
o-o8 
0-08 
o-o8 


0-627 

0*627 
0-628 
0-627 


137 
'.?9 
'38 
140 


'3 30 
14 24 
'5 20 
16 18 


33*45' 
33-878 
32-445 
34*218 


+ 3*295 
3-295 
3*295 
3*295 


'4 
16 

17 
'3 


8*3' 
7*95 
8-12 
8-19 


+ 0'02 
0'02 

0-02 

0*02 


0-629 
0-628 
0628 
0-627 



9 
0-5075823 


-'93 


-6 


- 359 


+ 2 


- 372 


0-5074863 


'93 


8 


.167 


2 


380 


0-5078231 


'93 


7 


369 


2 


.359 


0-5074120 


'93 


6 


372 


2 


380 
Mean 


0*507587' 


-'93 


-5 


- 407 


+ I 


- 374 


o- 5074900 


'93 


7 


390 


I 


381 


0-5078260 


'93 


8 


398 


I 


359 


0-5074146 


'93 


5 


401 


I 


380 



-47 
47 
47 
47 



-47 
47 
47 

47 



Time of Vibration 



Mean 
of Mean Pendulum) jqjjf^ii.^^, 



0-5074848 
0-5073870 
0-5077258 
0-5073124 

0-5074775 
0-5074846 
0-5073883 
0-5077256 
0-50731 21 

0-5074^7 
(9-5074776 



Ogle _ 
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Table I. Details of the Observations^^^Contintied). 



B 

S3 
f— « 









u 


Tempera- 


ti 


1 




5 


-el 
1 


ture 


(4-1 

o 


-a 


4? 


J 


.9 fl 

OM 


^ 

8 


OQ 


-2 e 


u 


00 


Ti 


o 


o 


2 




g g 


O 


OQ 






3 




P 



Observed 

Time of 

Vibration 



Correction on account of 



o 
o 



S3 

•4-1 

15 

« 

S 






p 



Beduced 

Time of 

Vibration 



1 1 -1 2 April, 1905. 





h m 


« 


s 


/ 










140 


22 46 


34-209 


+ 3*233 


15 


8-49 


— 007 


0*627 


'38 


23 43 


32-430 


3 233 


'7 


850 


007 


0*627 


139 


41 


33 870 


3-233 


16 


8-37 


0*07 


0627 


«37 


I 38 


33 -445 


3*233 


14 


8-34 


007 


0*627 


140 


»o 59 


34*211 


^3*233 


16 


8-43 


-0*03 


0*626 


•38 


'I 57 


32-436 


3*233 


16 


8-40 


003 


0627 


139 


i2 55 


33 879 


3*233 


16 


8-28 


0-03 


0*627 


"37 


«3 54 


33 452 


3 233 


14 


8-44 


003 


0*626 



0-5074165 
0-5078297 
0*5074917 
0-5075883 


-190 
190 
190 
190 


-6 
8 

7 
5 


- 4t6 

417 

410 

409 


— 3 
3 

3 

2 


- 380 

359 
380 

372 
Mean 


0*5074159 
0*5078282 
0*5074898 
0-5075868 


-190 
190 
190 
190 


-7 
7 
7 
5 


- 413 
412 
406 
414 


— 1 
I 
I 
I 


- 379 
359 
380 

372 



-47 
47 
47 
47 



-47 
47 
4 
47 



Mean 
Time of Vibration of Mean Pendulum 



o*So73>24 
0*5077274 
0*5073881 
05074858 

0*5074784 
0-5073123 
0*5077266 
05073867 
0*5074839 
0*5074774 
05074779 



12-13 April, 1905. 



139 


33 16 


33*870 


+ 3-233 


«7 


8*48 


+ 0*05 


0*625 


'37 


15 


33*450 


3*233 


15 


8*48 


005 


0625 


140 


I »3 


34*209 


3*233 


16 


8-47 


0*05 


0*624 


138 


3 10 


32*435 


3*233 


>7 


8*67 


0*05 


0*624 


»39 


II 24 


33-865 


+ 3*233 


'7 


8*8o 


-0*05 


0*624 


"37 


12 22 


33*444 


3*233 


14 


878 


0*05 


0-625 


140 


13 19 


34-202 


,^'^33 


»5 


8-68 


0*05 


625 


'38 


14 18 


32-428 


3*233 


18 


8*73 


0*05 


0*626 



0*50749*7 
0-5075872 
0-5074 '63 
0*5078282 


-190 
190 
190 
190 


-8 
6 

7 
8 


- 416 
416 
4»5 
425 


+ I 

1 
I 
I 


- 379 

37' 

378 

357 

Mean 


-47 
47 
47 
47 


0*5074929 

o- 5075887 

o*:;o74i79 
0*5078301 


-190 
190 
190 
190 


-8 

5 
6 

9 


- 43' 
430 
425 
427 


— 1 

1 
I 
1 


- 378 
37' 
379 
358 


-47 
47 
47 
47 




Mean 


... 


Tira< 


J of Vil 


) ratio 


nof M 


ean Pendulum 


... 



05073878 

0-5074843 
05073127 
0*5077356 

05074776 

0-5073874 
0*5074843 

o'5073'3« 
0*5077269 

0*5074779 
05074778 



Dehra Dun— Field Station (Tent), 
13-13 May, 1905. 





h m 


8 


9 


/ 










«37 


'3 30 


.^3*856 


^ 765 


lb 


27-85 


-0-2I 


0832 


'.S9 


14 28 


34 297 


7 <»5 


n 


27 54 


0*2I 


0-833 


«.^8 


15 27 


32828 


765 


18 


27*37 


0*2l 


0-833 


140 


16 31 


34 652 


765 


16 


2726 


0*31 


0834 


»37 


I 2f 


33 869 


+ 7*65 


'7 


38*32 


+ 0-45 


0*825 


'39 


2 17 


34*290 


765 


• 7 


28 90 


045 


0-823 


'38 


3 '3 


32*814 


765 


'7 


29*25 


0-45 


0*822 


140 


4 9 


34619 


1 7*65 


16 


39*68 


45 


0*820 



9 
0*5074948 


- 449 


-7 


-1365 


"S 


- 494 


-37 


0*5073971 


44<^ 


8 


'349 


"a, 


505 


37 


0*50773.^3 


449 


9 


'34« 


a, 


476 


37 


0*5073203 


449 


7 


'3.36 


a 
,0 


505 
Mean 


37 


0*5074918 


- 440 


-8 


-1388 


2 


- 490 


-37 


0-507398*) 


440 


8 


1416 


§ 


499 


37 


0*5077.^65 


440 


8 


1433 





470 


37 


0*5073272 


449 


7 


'454 


497 


37 








Mean 


... 


Time 


of Vib 


ratio 


nof M 


ean Pe 


Qdulum 





05072596 

o 5071623 
0*507 502 I 
0*5070869 

0*5073527 
0*5073546 

0-5O7'577 
0*5074968 
0*5070828 

0*5073480 

05072504 



140 

'.;8 

'39 
'37 



140 
'38 
'39 
'37 



13-14 May, 1905. 



13 '6 

14 16 


34-668 
32*853 


+ 7*47 
7*47 


17 
'7 


26-35 
26- 18 


-0*27 
027 


0-837 
0837 


'5 " 
16 7 


.H-3.35 
33 907 


7-47 
7*47 


«7 
16 


25 90 
25 -68 


0*27 
0-37 


0858 
0838 


1 57 

2 57 

3 55 

4 5' 


34*693 
32*848 
34*304 
33*858 


+ 7*47 
7*47 
7*47 
7*47 


'7 

18 

'7 
'5 


27*02 
27*98 
28*79 
29*08 


+ 0*76 
0*76 
0*76 
0*76 


826 
821 
820 
0*819 



0*5073168 


- 4.=;8 


-8 


-1291 


'8 


- 507 


0-5077275 


438 


8 


1283 




479 


o- 507.^890 


438 


8 


1269 


a 


508 


0-5074836 


438 


7 


1258 


C3 

§ 

'■3 


498 

Mean 


0*5073116 


- 438 


-8 


-1324 


t 


- SOI 


0*5077285 


438 


9 


'37' 


8 


470 


o- 5073956 


438 


8 


1411 





497 


0*5074946 


438 


6 


'425 


^ 


486 



-37 
37 
37 
37 



Mean 
Time of Vibration of Mean Pendulum 



0*5070887 
0-5075030 
o*507'63o 
0-5073598 

0*5072536 

0*5070808 
0-5074960 
o*507'565 
0-5072554 

0-5072472 
0-5072504 



Table L Details of the Observations — (Continued). 



9« 



1 


1 


h 

.a a 



1 

1 


2 

B 


Tempera- 
ture 


u 

1 

p 


Observed 

Time of 

Vibration 


Correction on account of 


Beduced 
Time of 
Vibration 









1 

a 


2 
< 


2 
1 

1 






9 
u 

1 




14-15 May, 1905. 1 


'39 
137 

140 

'38 


h m 

'3 25 
14 19 

'5 '4 
16 12 


34-373 
33 940 
34* 749 
32-907 


9 

+ 7-15 

7-'5 

7-'5 

7'S 


18 
16 
16 
17 


24-75 
24-60 

24-37 
24-27 


• 

—019 
19 
o- 19 
0*19 


0-845 

0842 
840 
0-840 


9 
0-5073806 
0-5074760 
0-5072995 

o-5077»43 


- 420 
420 
420 
420 


-9 

7 

7 
8 


-I2I3 
1205 

I 194 
I 189 


1 

g 
1 




- 512 

500 

509 

480 

Mean 


-37 
37 
37 
37 


9 
0-5071615 
0-5072591 
05070828 
05075009 

0-5072511 


'39 
137 
140 

'38 


' 49 

2 47 

3 S« 

4 53 


34-394 
33*947 
34724 
32-882 


+ 7-15 
7-15 
7'S 
7'S 


18 
16 
16 

'7 


24-66 

25-00 

26 62 


+ 0-57 
0-57 
0-57 
0-57 


0833 

0-8.U 
0831 
0824 


0-5073760 
0-5074747 
0-507.^049 
0-5077205 


- 420 
420 
420 
420 


-9 

7 
7 
8 


-1208 
1225 
1245 
'304 


- SOS 
495 
504 
47' 


-37 
37 
37 
37 


0-5071581 
0-5072563 
0-5070836 

05074965 




Mean ... 


0-5072486 




Time of Vibration of Mean Pendulum ... 


05072499 




Dehra Dun— (Pendulum Room), 


, 


17-18 May, 1905. 


137 
»39 
'38 
140 


h m 
»3 49 

«4 47 
'5 44 
16 40 


t 
34-017 
34526 
33031 
34 873 


9 

+ 004 

004 

0-04 

004 


/ 
'7 
'7 
'7 
»3 


26-87 
26 96 
26 91 
26 82 




— 0-03 

0-03 

0-03 

0*03 


0-827 
0-826 
0-827 
0828 


9 
o- 5074446 

0-507.U73 
o- 5076850 
0-5072732 


— 2 
2 
2 
2 


-8 
8 
8 
5 


-I3I6 
1321 
'319 
1314 


— I 
I 
I 


- 491 

501 
473 
502 

Mean 


-42 
42 
42 
42 


9 
0-5072586 
o-S07'598 
0-5075005 
0-5070866 

0-5072514 


'37 
'39 
«38 
'40. 


' 49 

3 49 

3 47 

4 42 


34-087 
34 528 
33 029 
34-866 


4- 0-04 
0*04 
0'04 
0*04 


14 
'5 
'5 
'4 


26-85 
27-07 
27 24 
27-37 


4-0-I8 
o-i8 
o-i8 
o-i8 


0-827 

0-82S 

825 
0825 


0-5074435 
O-507.H68 
0-5076855 
0-5072747 


— 2 
2 
2 
2 


-5 
6 

6 

5 


-1316 
1326 

'335 
'34' 


+ s 
5 
5 
5 


- 491 
500 
472 
500 


-42 
42 
42 
42 


0-5072584 
o'5o7'597 
0-5075003 
0-5070862 




Mean ... 


0-5072512 




Time of Vibration of Mean Pendulum ... 


5072513 




\ 

1819 May, 1903. 1 


140 
'38 
•39 
'37 


13 34 
'4 3' 

15 28 

16 23 


34-858 
33-019 
34-5*' 
34 066 


- 0-52 
052 
0-52 
052 


'4 
'7 
16 

14 


27 -.18 

27 "33 
2733 
27-21 


-0-05 
005 
005 
0-05 


0826 
0-826 
826 
827 


0-5072763 
5076876 
0-5073506 
0-5074480 


+ 3> 
3» 
3' 
3» 


7 
5 


- '342 

'.^39 
»3.^9 


- I 

I 
I 
I 


- 50' 

472 

SOI 

49* 

Mean 


-42 
42 
42 
42 


0*5070903 

0-5075045 
0-5071647 
5072639 

0-5072559 


140 
'38 
139 
"37 


2 5 

3 
356 
456 


34-886 
33-071 
34-579 
34-"2i 


- 0-52 
0-52 
0-52 
052 


16 

>7 
16 

'5 


27-11 

27 29 
2742 
2757 


+ o- 16 
016 
0'i6 
o'i6 


826 

0825 
0825 
0-822 


0-5072705 
o- 5076753 
o'. 50733^9 

0-5074360 


■«• 3' 
3' 
3' 
3» 


-7 
• 8 

I 


-1328 
'.337 
1344 


+ 4 

4 
4 
4 


- 501 
472 
500 
488 


-42 
42 
42 
42 


0-5070862 
0-5074929 
0*507 1 50 1 
0-5072508 




Mean ... 


0-5072450 




Time of Vibration of Mean Pendulum ... 


0-5072504 




19-ao May, 1905. 1 


'39 
'37 
140 

'38 


'3 5' 

14 47 
'5 42 
»6 37 


34-560 
34-120 

34-9»4 
33-068 


- I -80 

i-8o 
I 80 
i'8o 


'5 
12 

'4 
"5 


27-67 
27-42 
27-18 
37-19 


—0*20 

020 
0*20 

0'20 


0826 
0-828 
0*829 

0829 


• 5073400 
0-5074362 
0-5072646 
0-5076762 


+ 106 
106 
106 
106 


-6 

4 
5 
6 


-'35^ 

»i?44 
'.?32 
'332 


- s 

5 
5 
5 


- 501 

492 

502 

474 

Mean 


-42 
42 
42 
42 


0-5071596 
0-5072581 
0-5070866 
0-5075009 

o-50725'3 


'39 
'37 

140 

138 


1 56 

2 52 
348 
444 


34-573 
34-"9 
34-9'3 
33-056! 


- i-8o 
i-8o 
1 80 
1*80 


16 
•3 
'3 

n 


27 -39 
27 65 

27-78 

27 93 


+ 0*19 
0-19 
019 
0-19 


0826 

0-824 
824 
0824 


0-507337' 
0-5074363 
0-5072647 
0-5076790 


4- 106 
106 
106 
106 


-7 

4 

1 


-'342 

'.355 
1361 

'369 


+ 5 
5 

5 
5 


- 501 
489 
499 
47 « 


-42 
42 
42 
42 


0-5071590 

0-5072584 
0-5070851 
0-5075013 




Mean ... 


o'507>509 




Time of Vibration of Mean Pendulum ... 


5072511 



ogle 
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TIME OF VIBRATION AT DEHRA DUN. 



In the accompanying table the results of all the observations at Dehra Dun between 
November 1904 and May 1905 are collected, the times of vibration of each pendulum being 
shewn separately. 

Table II. Times of Vibration at Dehra Dun. 



Date 


137 


138 


139 


140 


Mean 


Nor. 8— 9 

9-10 

., 10-11 

„ 11-13 


9 

o-5o7a594 
2610 

»589 
2603 


Pendulum room. 
November 1904. 

t 9 

0-5075004 O-5071618 
5024 1628 
5020 1618 
50I7 1628 


9 

0-5070834 
0853 
0851 
0856 


t 

o-5o7aS'3 
2529 

35 «9 
2526 


Mean 


0*5072599 


0*5075016 


0*5071623 


0*5070849 


0*5072522 


May 17-18 
„ 18-19 
„ 19-20 


o'507«585 
2574 


Mag 191 

0-5075004 
4987 
5011 


15. 

0*5071598 
*574 
'593 


©•5070864 
0882 
0859 


o-507«S>3 
2504 
2511 


Meaa 


0*5072581 


0*5075001 


0*5071588 


0*5070868 


0*5072509 


Change May-Nov. 


18 


15 


35 


+ 19 


13 


Not. '31-23 
., 22-23 


o*5o7«S73 
2596 


Field statior 
November 

8 
0-5074987 
4996 


1 (Tent). 
1904. 

9 

0-5071593 
1614 


9 
0-5070837 
0835 


9 

05072497 
2510 


Mean 


0*5072585 


0*5074992 


0*5071604 


0*5070836 


0*5072504 


May 12—13 
,. 13-U 
„ 14-16 


0-5072571 

2576 
«577 


May 19 

0-5074995 

4995 
4987 


05. 

©•5071600 
1598 
'598 


©•5070849 
0848 
0832 


0-5072504 
2504 
2499 


Mean 


0*5072575 


0*5074992 


0*5071599 


0*5070843 


0*5072502 


Change May-Nov. 


— 10 





5 


+ 7 


— 1 



The accordance between the values obtained in new pendulum room is by no means satis- 
factory and it appears possible that some change in the lengths of the pendulums may have taken 
place. The observations in the tent do not support this idea, but in an unsteady temperature^ 
such as that met with in the tent, great reliance cannot be placed on the results. 

To examine into the question of a possible change in the lengths of the pendulums, the 
differences between the time of vibration of each and the mean of the four have been taken out 
for each station, and tabulated. If there has been any change, — other than one in the same 
direction and of the same amount in all^ — it will be revealed by a change in these differencolO^ L^ 
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Table III. — Difference* between Individual Pendulums and Mean Pendulum. 



\ 



Station 


Date 


137 


V 


138 


V 


139 


V 


140 


V 


Dehra Dun Pendulom Room 


1904-05 

Nov. 8- 9 . 

„ 9-10 

„ 10-11 

„ 11-12 


- 8i 
8i 
70 
76 


+ 4 


- 2491 

2495 
2501 

2491 


•I- 1 

- 3 

9 

-f- 1 


^ 895 
901 
901 
898 


— II 

5 
5 
8 


+ 1679 
1676 
1668 
1670 


+ 19 

16 

8 

10 


+ '5 


Dehra Dun Tent 


Nov. 2122 
„ 22-23 


76 
86 


12 


2490 
2486 


+ 2 
6 


904 
896 


- 2 
10 


1660 
1675 


Cuttack 


Dec. 12-18 
» 13-14 
„ 14-16 
„ 16-17 


78 
74 
73 

75 


-»- 1 


2487 
2496 
2491 
2496 


+ 5 

- 4 

+ 1 

- 4 


904 

89s 
902 

903 


— 2 

11 

4 

3 


1661 
1677 
1663 
1668 


+ 1 

17 

3 

8 


Cbatra 


Dec. 30-31 
„ 81-Jan. 1 
Jan. 1- 2 


It 

68 





2498 
2503 
2487 


- 6 
II 

+ S 


906 
908 
889 



+ 2 
- 17 


1667 
1666 
1667 


+ 7 
6 

7 


Eisnapur 


Jan. 17-18 
„ 18-19 
„ 19-20 
,. 21-22 
„ 22-23 


78 
72 
70 

71 
73 


- 4 

+ 2 

4 

3 

I 


2494 
2496 
2488 
2495 
2495 


— 2 
4 

+ 4 

- 3 
3 


904 
908 
900 
906 
910 


— 2 
+ 2 

- 6 


+ 4 


1669 
1662 
1660 
'659 
1659 


+ 9 

2 



— I 

I 


Jalpaiguri 


Jan. 81-Feb. 1 
Feb. 1- 2 
„ 2-8 


73 
11 


-1- I 
— 1 
-1- 8 


2493 
2493 
2496 


- I 

I 
4 


908 
911 
902 


+ 2 
5 

- 4 


1656 

1659 
1660 


- 4 




Kesarbari 


Feb. 14-15 
„ 16-16 
„ 16-17 
„ 1M8 


76 
78 


- 4 

4 

a 

4 


2489 
2487 
2497 
2491 


+ 3 

5 
- 5 

+ I 


912 

903 
922 
909 


+ 6 

- 3 
+ 16 

3 


1655 
1663 
1652 
1658 


- 5 
+ 3 

- 8 

2 


Ramcbandpur 


Feb. 25-26 
„ 26-27 
„ 27-28 


77 
93 

77 


- 3 

»9 

3 


2501 

2497 
2490 


- 9 

5 

+ 2 


89s 
941 
900 


— II 

+ 35 

- 6 


1684 
1650 
1665 


+ 24 
- 10 

+ 5 


Siliguri 


Mar. 12-13 
„ 13-14 
n 1416 
„ 15-16 


66 

72 

77 
67 


+ 8 

2 
- 3 
+ 7 


2495 
2495 
2492 

2512 


- 3 

3 



20 


908 
912 
909 
919 


+ 2 

6 

3 

'3 


1652 
1656 
1661 
1662 


- 8 

4 
+ I 

2 


Darj66ling 


IMar. 20-21 
„ 21-22 
„ 22.23 


75 
74 
71 


— I 


+ 3 


2482 
2491 
2494 


+ 10 

I 

- a 


+ 900 
90.? 
908 


- 6 

3 

+ a 


i6s8 
i66( 
1658 


— 2 
+ I 

— 2. 


Eurseong 


Mar. 27-28 
,. 28-29 
„ 29-30 
„ Sl-Ap. 1 


It 

67 
73 



— 2 

+ 7 

1 


2470 
2486 

2489 
2486 


+ 22 
6 

3 
6 


898 
905 
905 
908 


- 8 

I 
+ 2 


1644 

1655 
1651 

1653 


- 16 

5 
9 
7 


Sandakphu 


Ap. 1011 
„ 11-12 
„ 12-13 


7' 
65 


+ 3 
4 
9 


2481 
2491 
2485 


+ II 

I 
7 


899 
905 
902 


- 7 

4 


1653 
1656 
1649 


- 7 

4 
II 


Dehra Dun Tent 


May 1213 
» 13-14 
,. 14-16 


67 


+ 7 
2 

- 4 


2491 
2491 
2488 


+ I 

I 
4 


904 
906 
901 


- a 

5 


1655 
1656 
1667 


- 5 

4 

+ 7 


Dehra Dun Pendulum Room 


May 17-18 
„ 18-19 
„ 19-20 


72 
70 
73 


+ 2 

4 

2 


2491 
2483 
2500 


-H 1 

9 
- 8 


9>5 
930 
918 


+ 9 
24 
12 


1649 
1622 
.652 


— IT 

38 

8 


Mean ... 


74 


... 


2492 


*•• 


906 


#•• 


1660 


.„ 
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In the above table the colamns with the heading y contain the residuals when the mean 
of all the differences appertaining to each pendulum is subtracted from the individual values. 
On the whole it does not appear that Nos. 137 and 138 have changed their lengths; there is, it is 
true, a long series of positive residuals, from about the middle of March onwards, in the case 
of both these pendulums, but the amounts are not large and may either be accidental, or the 
reflex cflFect of a more important change in one of the other pendulums. No. 139 has a series of 
negatives at the beginning and three large positives at the end : the latter are, I am inclined to 
think, accidental and, by increasing the mean, they have been to some extent the cause of the 
negatives. In the case of No. 140 there is certainly evidence of a progressive change. The 
unbroken series of positives at the beginning, then the b^lt of uncertain sign extending from 
about January 20th to March 20th, followed by the series of negatives, seem to indicate a 
gradual increase in the time of vibration. The change in the residuals from November to May 
seems to have been about 18 (the value -38 on May 18th-19th is I think due to an accidental 
error). This being the effect of the real change on the difference between the mean pendulum 
and No. 140, the real change must be 

-J X 18 = 24. 
o 

Tf this were the only evidence it would be justifiable to infer that the length of this pendulum 
had been changing and to assign an increasing value to the time of vibration at Dehra Dun 
which is employed in the deduction oE g at the other stations ; but in view of the fact that the 
observations in the tent at Dehra Dun in November and May do not show any noteworthy 
change, it would be impossible without inconsistency to adopt such a course and I have there- 
fore in this as in the case of all the other pendulums accepted a simple mean. 

We have therefore the following : — 

Table IV. — Times of Vibration at DeJtra Dun to be used in deducing g. 



Pendulam Room 


137 


138 


189 


140 


Mean 


0*5072590 


0-5075009 


0-5071606 


-'5070859 


0*5072516 


Tent 


0-5072580 


0-5074992 


0-5071602 


0-5070840 


0-5072504 



Table V shews the times of vibration of each piendulum at the different stations and the 
difference between these times and those at Dehra Dun. 

At the stations of Cuttack, Kesarbari, Ramchandpur, and Siliguri comparison has been 
made both with the values obtained in the pendulam room and with those in the tent; at Cliatra 
and Kisnapur with the tent- values only^ and at the remaining stations with the room-values only. 
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Table V. !Bmes of Vibration and differences from J>ehra l)iin. 



Pate 



187 



188 



]39 



140 



Mean 



1904 

December 12-18 

13-14 

14-16 

16-17 



Means 

Behra Pendulum Boom 

Difference 



Cuttack. 
Applying lag correction 



0-5073636 
3618 
3636 
3637 



0-5073632 

0-5072590 

1043 



0-5076045 
6040 
6054 
60 ;8 



o- 5076049 

0-5075009 

1040 



0-5072654 
2649 
2661 
2659 



0-5072656 

0*5071606 

1050 



0-5071897 
1867 
1900 
1894 



0*507 1890 

o- 5070859 

1031 



05073558 
3544 
3563 
356a 



0-5073557 

0-5072516 

1041 



Means 
Delira Tent 
Difference 



Not applying lag correction 



0-5073629 

0-5072580 

1049 



0-5076046 

o* 5074992 

1054 



0-5072653 

0*5071602 

1051 



0-5071887 

0*5070840 

1047 



o- 5073554 

0-5072504 
1050 



1904-05 
December 30-31 

31-Jan. 1 
January 1- 2 



0-5073047 
3060 

3052 



Chatra. 

# 

0-5075471 
5494 
547* 



0-5072067 
2083 
2095 



0*5071306 
1325 
I3i7 



05072973 
2991 

2984 



Means 
Delira Tent 
Difference 



0-5073053 
0*5072580 

473 



0-5075479 

0-5074992 

487 



0-5072082 

0*5071602 

480 



0*5071316 

0-5070840 

476 



0-5072983 

0-5072504 

479 



1905 
January 17-18 
18-19 
19-20 
21-22 
22-23 



Means 
Dehra Tent 
Difference 



1905 
January 31-Fcb. I 
February 1-2 
2-3 



Means 

Delira Fendu Inm Boom 

Difference 



0-5072859 
2847 
2855 
2833 
2870 



Kisnapur. 



0-5075275 
5271 
5273 
5257 
5292 



0-5071877 
1867 
1885 
i8<;6 
1887 



0*5071112 
1113 
1125 

110) 

1 138 



0-5072853 
o* 5072580 

■2l) 



0-5075274 

0-5074992 

282 



0-5071874 

0-5071602 

272 



0-5071118 

0-5070840 

278 



0-5072963 
2955 
2938 



0*5072952 

0-5072590 

362 



Jalpaiguri. 



0-5075383 
5373 
5368 



0-5075375 

0*5075009 

366 



0-5071982 
1969 
1970 



0*5071974 

0-5071606 

368 



0-5071234 
1221 
1212 



0*5071222 

0-5070859 

363 



KesarbarL 
Applying lag correction^ 



1906 

February 14-16 

15-16 

lfil7 

1M8 



0-5072834 
2868 
2887 
2919 



0-5075245 
5277 
5308 
5332 



0-5071844 
1887 
1889 
1932 



MeanA 

De]ira Pendulum Boom 

Difference 



0-5072877 

0^*5072590 

287 



o-S07529« 

0-5075009 

282 



0-5071888 

0*5071606 

282 



0*5071101- 
1127 

"59 
1183 



OS071143 

0*5070859 

284 



Kot applying lag correction 



Means 

Deh.aTent 

Difference 



05072872 


0-5075286 


0-5071883 


0-5071138 


0-5072794 


0-5072580 


0-5074992 


0-5071602 


0-5070840 


0*507250? 


293 


294 


281 


298 Ji 


gitized *9o 



0-5072781 

2775 
2785 

2762 

2797 



0-5072780 

o- 5072504 

276 



0*5072890 
2880 
2872 



0-5072881 
0*5072516 

36s 



0*507275^ 
2790 
2811 
3841 



0-5072799 

0-5072516 
rf3 



)0 



gle _ 
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Table K Times of Vibration and differences from Dehra DUn— (Continued). 



Data 



137 



138 



139 



140 



Ramchandpur. 
Applying lag correction 



1906 
Febmarj 26-26 
26-27 
27-28 



0*5072846 
2827 
3846 



Means 

Dehra Peildnlnm Boom 

Dif^«renoe 



0-5072840 

0*507^590 

250 



0-5075*70 
523* 
5259 



0-5071874 
»793 
1869 



0-5071085 
1084 
1104 



o-S075«S3 

0-5075009 

244 



o-So7<845 
0*507x606 

»39 



0-5071091 
o- 5070859 



Not applying lag coirection 



Means 
Dehra Tent 
Difference 



0-5072837 
0-5072580 

«57 4 



o- 5075*50 

o- 507499* 

*58 



0*5071842 

0-5071602 

240 



0*5071088 

0*5070840 

248 



1906 
March 12-13 



Siliguri. 
Applying lag correction 



13-14 
U-16 
16-16 



o* 5073029 
3042 
3058 
3027 



Means 

Delira Pendnlnm Boom 

Difference 



0-5073039 
0*5072590 

449 



o- 5075458 
5465 
5473 

547* 



0-507*055 
2058 
2072 
3041 



0*50713" 
i3«4 
1330 
1298 



0-5075467 
0*5075009 

458 



0*5073057 

0-5071606 

45 » 



0-5071311 
0-5070859 

45* 



Not applying lag correction 



Means 
Dehra Tent 
Difference 



0*5073035 
0*5072580 

455 



0-5075463 

0-507499* 

471 



0*5072053 

0-5071602 

450 



©•5071307 

0*5070840 

467 



1905 
March 20-21 
„ 21-22 
.. 2223 



Means 

Dehi-a Pendnlnm Boom 

Difference 



0*5074049 
4045 
4045 



Darjeeling. 



0-5076456 
6462 
6468 



-5073074 
3063 
3066 



0*5074046 

0-507*590 

1456 



0*5076463 
0-5075009 

M53 



0*5073069 

0*5071606 

1463 



0*5073316 
2310 
3316 



0-507*314 
0*5070859 

'455 



1906 

March 27-28 

„ 28-29 

„ 29-80 

M 8l.Ap. 



0-5073715 
37** 
37*5 
37 »9 



Kurseong. 



0*5076111 
6133 

6147 
6133 



Means 

Dehra Pendnlnm Boom 

Difference 



0*50737*0 


0-5076131 


0-5072590 


0* 507 5009 


1130 


1122 



0-507*743 
3741 

*753 
*738 



0*5073744 

0-5071606 

1138 



0*5071997 
1991 
3007 
>993 



Sandakphu. 



1905 
AprU 10-11 
». 1112 
1218 



0-5074847 
4849 
4843 



Means 

Dehra Pendnlnm Boom 

Difference 



0*5074846 
o- 507*590 

*25^ 



0-5077*57 
7270 
7263 



o- 5077263 

0-5075009 

**54 



0-5073877 
3874 
3876 



0-5073876 

0-5071606 

3270 



0*50731*3 
3»*3 
3129 



0*5073125 
o" 5070859 

3266ze(h 



Mean 1 



0-5072769 

*734 
3769 



0*507*757 
0*507*516 

*4» 



0-507*754 

0*5073504 

250 



0*5073963 
3970 
3981 
3960 



0-5072969 

0-5072516 

453 



0-5073964 

0*5072504 
460 



o* 5073974 
3971 
39/4 



0-5073973 
0-5073516 

1457 



0*5073641 
3646 
3658 
3646 



0*5071997 


0-5073648 


0*5070859 


0-5073516 


1 138 


1132 



0*5074776 

4779 
4778* 



0*5074778 
o-S07*S'6 ^^ 
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The values of g derived from the differences in Table Y are shewn in Table VI; 9 at 
Dehra Diia being taken to be 979 063. 

Table VL Deduced Values of g. 





187 


138 


189 


140 


Mean 


Cuttaek (1) 

(2) 


978*661 
•658 


978*661 
-656 


978 658 

•657 


978665 
•659 


978-661 

•658 


Chairs 


978 880 


978875 


978-878 


978-879 


978-878 


KisDftpur 


978-958 


978-954 


978 958 


978 956 


978-956 


tTalpaiguri 


978-924 


978*922 


978-921 


978 •9*3 


978-922 


EeMtrbari (1) 
(2) 


978-953 
•95' 


978-954 
950 


978-954 
•955 


978 953 
-948 


978-953 
•951 


(2) 


978 967 
•964 


978 969 
•963 


978-971 
•970 


978-973 
-967 


''':% 


8illgari (1) 
(2) 


978 890 
•887 


978 886 
" 00 1 


978 889 
•889 


978-888 
-883 


978-888 
-885 


Darjeeling 


978-501 


978-502 


978 498 


978-501 


978-501 


KaZMong 


978 626 


978-630 


978-624 


978624 


978-626 


Sandakphu 


978- 19a 


978-193 


978-187 


978-188 


978-190 



Reduction to Sea-level. 

The computation of the orographical correction was carried out in the same way as before, 
but the regions surrounding the stations were not analysed so minutely. 

The Nepal frontier lies but a short distance to the west of the hill stations visited this 
year, and as there are no trustworthy maps of that country a detailed examination would have 
been unprofitable. 

The stations which came under consideration were Jalpaiguri, Siliguri, Knrseong, DarjceU 
ing and Sandakphu ; I was in doubt as to whether a correction would be required at Jalpaiguri. 
The distance of this place from the foot hills is about 28 miles, that of Siliguri is about 8 miles ; 
I decided to compute the corrections for the latter first and so obtain some idea of the xnaguitudi^ 
of the attraction exercised by the hills on places not far from their foot. 
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In the tables that follow I have not thought it necessary to give so much detail as was 
done in the case of Mussooree. 

Table VII. Orographical corrections at Siliguri. 

Height 387 feet. 



^2 


1\ miles 
10 ,. 


10 miles 
12i „ 


12^ miles 
15 ,. 


15 miles 
20 „ 


20 miles 
25 „ 


25 miles 
30 ,. 


80 miles 
35 „ 


Azimuth from N 


AA 


AA 


A& 


AA 


AA 


AA 


AA 


o-is 


feet 
100 


feet 
I] 00 


feet 
1600 


feet 
1600 


feet 
1600 


feH 
2600 


feet 
3600 


15-30 


100 


200 


400 


2100 


3600 


3600 


3600 


30-45 





100 


300 


1600 


1600 


2100 


5600 


45.60 








100 


300 


400 


600 


IIOO 


60.75 











100 


100 


100 


200 


75-90 























90-270 


Southern 


Compartme 


nts aU at the 


same level 


as the sta 


tion 




270-285 











400 


600 


600 


1600 


285-300 





100 


300 


1100 


2600 


3600 


3600 


300-315 


100 


200 


HOC 


2600 


3600 


2600 


4600 


3«S-330 


200 


600 


2600 


2600 


3600 


4600 


6600 


330-345 


300 


1600 


2600 


4600 


5600 


3600 


4600 


345-360 


300 


aioo 


2600 


2600 


2600 


2100 


3600 


Effect 


003 


068 


126 


y$^ 


354 


229 


3-73 



Total effect of zones within 85 miles radius = 14*04 
Attraction,... ... ... =1404x0000035 

= 000049 

From this result it may be inferred that at Jalpaiguri the effect of the hills up to a radius 
of 35 miles will be entirely negligible. 

Not far beyond the 35 miles radius in the case of Siliguri^ and of a 60-mile radius in 
the case of Jalpaiguri, lie the giant mountains of the Kinchinjunga group^ and beyond that 
again are the highlands of Tibet. We may take account of them by assuming that in the case 
of Siliguri one-third of the region outside the 35-mile circle is occupied by a table-land 7000 
feet high^ and that the same is true of Jalpaiguri outside the 60-mile radius. 7000 feet is 
undoubtedly too low for the Tibetan plateau^ 12000 feet would be nearer the truth, but for the 
Himalayan region, where deep valleys alternate with high peaks, 7000 feet is probably a suflScient 
estimate even among the high ranges, and among the outer hills it is too great, so that on the 
whole, considering the greater proximity of the smaller ranges^ this average height may be 
accepted. 
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The attraction of this outer region at Siliguri is found by formula (2) to be 0*0015. 
So that the total orographical correction is — 

00015 + 00005 
=* 00020. 
At Jalpaiguri the attraction of the outer region is—* 

00009. 
Hence an orographical correction of O'OOl may be applied. 

Table VIII. Orographical Correction at Kurseong. 
Seight 4913 feet. 
Zones up to 3 miles. 



No. of 
Zone 


Inner 
Hadius 


Outer 
Kadi us 


AA 


Effect 




feet 


feet 












1 


so 


100 





5 


10 


20 


05 


2 


lOO 


200 


30 


30 


40 


45 


2-8 


3 


30O 


400 


30 


40 


75 


90 


4-8 


4 


400 


600 


55 


65 


130 


«50 


4'3 


5 


600 


1000 


90 


100 


210 


240 


9*5 • 


6 


1000 


2000 


93 


330 


363 


577 


298 


7 


2000 


3000 


ns 


370 


547 


743 


19-8 


8 


3000 


4000 


177 


420 


690 


1077 


17-8 


9 


4000 


5280 


293 


612 


983 


1448 


25*5 


10 


5280 


7920 


333 


890 


"337 


1853 


463 


11 


7930 


10560 


520 


1237 


1702 


2243 


37-3 


12 


10560 


13300 


620 


»573 


2077 


2660 


303 


13 


13200 


15840 


690 


1690 


2560 


3060 


29-8 














Sam ... 


2585 
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Table IX. Orographical Correction at Kureeong^ 

Seight 4913 feet. 

Zones from 3 to 35 miles. 



No. of 
Zone 


14 


15 


16 


17 


18 


19 


20 


21 


22 


28 


24 




8 miles 
4 „ 


4 miles 

5 „ 


5 miles 

6 „ 


6 miles 
7t „ 


7i miles 
10 „ 


10 miles 
12 „ 


12 miles 
16 „ 


16 miles 
20 „ 


20 miles 
26 „ 


25 miles 
30 „ 


30 miles 
35 „ 




AA 


/i^h 


Ah 


AA 


AA 


A& 


AA 


AA 


AA 


AA 


AA 


feet 
400 


feet 
900 


feet 
2200 


feet 
2600 


feet 
2200 


feet 
900 


feet 
1700 


feet 
2400 


feet 
400 


feet 
1600 


feet 
2100 




900 


2100 


1800 


1400 


900 


600 


1700 


2400 


900 


1600 


1600 


. 


1500 


1300 


600 


700 


1500 


2900 


3400 


2900 


2400 


900 


600 




600 


500 


600 


2200 


2600 


3400 


3400 


2400 


1200 


IIOO 


1300 




1600 


900 


900 


900 


1400 


2900 


1900 


1600 


1400 


1400 


1600 




2500 


2600 


2800 


2100 


2600 


2900 


3400 


2400 


2900 


3400 


3400 




3600 


3600 


3600 


3200 


3100 


3900 


4100 


4100 


4100 


4100 


4100 




2700 


3200 


3400 


3700 


3700 


3900 


4300 


4500 


4300 


4400 


4500 




2000 


2900 


3500 


4000 


4400 


4400 


4500 


4600 


4500 


4600 


4600 




2800 


3500 


3800 


4200 


4400 


4500 


4600 


4600 


4600 


4600 


4600 




3500 


3700 


4100 


4200 


4500 


4SOO 


4600 


4600 


4600 


4600 


4600 




3500 


3900 


4100 


4400 


4500 


4500 


4600 


4600 


4600 


4600 


4600 




3300 


3700 


4000 


4400 


4500 


4500 


4600 


4600 


4600 


4600 


4600 




3000 


3800 


3700 


4000 


4400 


4500 


4600 


4600 


4600 


4600 


4600 




3200 


3300 


3300 


3500 


4300 


4SOO 


4500 


4600 


4600 


4600 


4600 




2900 


2100 


2100 


270P 


3600 


3900 


4100 


4600 


4600 


4500 


4500 




2500 


1700 


IIOO 


2400 


2700 


2900 


3400 


3900 


3900 


3900 


3400 




2400 


1200 


700 


1400 


900 


2400 


1900 


2900 


2400 


3400 


2400 




1900 


700 


300 


200 


600 


1900 


1900 


1900 


900 


1900 


1400 




2200 


1900 


1400 


900 


400 


100 


900 


100 


100 


1100 


100 




2200 


1600 


IIOO 


400 


300 


IIOO 


100 


2600 


3100 


3100 


100 




1500 


1600 


1700 


1200 


600 


IIOO 


2000 


2100 


4100 


4100 


3100 




900 


300 


700 


600 


1400 


900 


1400 


IIOO 


2100 


2600 


4100 


» 


300 


300 


800 


IIOO 


2100 


900 


1700 


3400 


IIOO 


1600 


3IOO 


Effect 


42-6 


286 


20-4 


a3'5 


«8-5 


.6-5 


24-6 


i4-7 


io'9 


81 


4-3 



Total effect of soaea within 35 miles radius 
Attraction ... 



481-2 

: 481-3 X 0-000035 
: 0-0168 
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For the country lyin^ outside the 35-mile radius we may, at Kurseong, make the same 
assumption as was made for Mussooree, namely, that the southern half is at sea-level and that the 
northern half consists of an elevated plain. In the case of Mussooree I assumed this plain to 
be at the same height as the station, here I shall assume it to be 2,000 feet higher than the 
station. Thus to complete the orographical correction we require the effect of half the infinite 
plain outside the 35-mile radius + the effect of a half zone 2,000 feet thick of which the inner 
radius is 35 miles and the outer infinite. 

Attraction of infinite plain = 0-1720 

„ ,, plain of 35-mile radius = 0'1696 

Difference =r 0024 

Half difference = 00012 

Attraction of half zone 2000 feet thick = 0001 9 

Quantity required to complete orographical correction *= 0*0014i 
Total orpgraphical correction = 00168 + 00014 

= 00182 



Table X. Orographical Correction at Darjeeling. 

Seight 6966 feet. 

(Zones up to 6 miles). 



No. of 
Zone 


Inner 
Badius 


Outer 
Badius 


AA 


Effect 




feet 


feei 


feet 


feet 


feet 


feet. 




1 


lOO 


200 


10 


n 


34 


49 


2*5 


2 


aoo 


300 


21 


41 


SS 


76 


20 


3 


300 


SOO 


23 


60 


92 


13« 


4*5 


4 


Soo 


700 


3« 


77 


141 


211 


S'o 


5 


700 


1000 


44 


7« 


nz 


248 


4*5 


6 


1000 


1300 


49 


124 


220 


343 


SO 


7 


1300 


1600 


-86 


239 


343 


484 


70 


8 


1600 


2040 


112 


337 


470 


650 


12-3 


9 


2040 


2640 


164 


499 


664 


851 


18S 


10 


2640 


3300 


1 94 


621 


966 


1241 


245 


11 


3300 


3960 


324 


749 


1141 


M99 


24-8 


12 


3960 


5280 


327 


974 


1333 


1549 


383 


13 


5280 


6600 


394 


• 1 166 


1574 


2016 


360 


14 


6600 


7920 


416 


• 1266 


1833 


2466 


33-3 


15 


7920 


10560 


849 


1649 


2149 


2849 


605 


16 


10560 


13200 


877 


1916 


2533 


3»33 


480 


17 


13200 


15840 


3?a 


1683 


2833 


3599 


368 


18 


15840 


21 120 


528 


»S99 


3566 


43>6 


653 


19 


21120 


26400 


650 


*749 


3749 


4999 


49-0 


20 


26400 


31680 


922 


2183 


3533 


5516 


37-3 














Sum 


s^y^ 
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Table XL' Orographical Correction at JDarjeeling. 
Seight 6966 feet. 
(Zones from 6 to 35 miles). 



No. of 
Zone 


21 


22 


23 


24 


25 


26 


27 


28 


n 


6 miles 


7i milea 


10 miles 


12i miles 


16 miles 


20 miles 


25 miles 


30 miles 


^2 


7*„ 


10 „ 


12i „ 


15 „ 


20 „ 


25 „ 


30 „ 


35 „ 




AA 


AA 


dkh 


AA 


dkh 


AA 


AA 


AA 


feet 


feet 


feet 


feet 


feet 


feet 


feet 


feet 




5000 


2500 


1500 


2000 


2000 


1500 


2000 


6000 




4500 


1800 


1500 


700 


500 


1200 


2000 


5000 




4500 


2500 


1000 


700 


2000 


1500 


1000 


1000 




SS^ 


5000 


3000 


2500 


3500 


1000 


500 


2000 




5300 


$S<>o 


4500 


5000 


5000 


3000 


2500 


1500 




2500 


5000 


5500 


4000 


3000 


2000 


3000 


1500 




2700 


5500 


5000 


5800 


3500 


4500 


4500 


5000 




4100 


SSOo 


6000 


5500 


' 4000 


5500 


6300 


6400 




3500 


4500 


5000 


5800 


6000 


6500 


6600 


6700 




1700 


3000 


3500 


4000 


6300 


6600 


6700 


6700 




800 


1500 


4000 


5000 


6500 


6600 


6700 


6700 




1000 


2500 


2000 


4500 


6300 


6600 


6700 


6700 




1900 


3500 


3500 


4SOO 


SSoo 


6600 


6700 


6700 




$$^ 


3000 


3000 


4000 


S500 


6200 


6700 


6700 




3*00 


2000 


3000 


4000 


5000 


5500 


6600 


6500 




1700 


1000 


2000 


3000 


3000 


4000 


SSOO 


6000 




900 


1000 


2000 


2000 


3000 


3000 


4500 


5000 




2700 


2000 


1500 


1500 


1000 


1000 


1000 


2000 




2500 


800 


1500 


1500 


3000 


1000 


lOOO 


3000 




2700 


1000 


1000 


1500 


2500 


1000 


1000 


1000 




2700 


2000 


2000 


1000 


2500 


2000 


lOCO 


1000 




3800 


2500 


1800 • 


1500 


3000 


2500 


2000 


4000 




4500 


1800 


1000 


1000 


aooo 


2000 


4000 


Sooo 




4000 


1500 


1000 


500 


800 


loeo 


4000 


6000 


Effect 


361 


326 


i8-6 


14-7 . 


24-8 


15*7 


13*4 


95 



Total effect of zones within 35-miIe radius = 680*5 . 
Attraction = 6805 x 0-000085 = 0"0238 
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At Darjeeling the assumption that was made for Mussooree and Kuweong, is not appli- 
cable; for this station lies further in among the hills. But the efEect of the zones beyond the 85- 
mile radius may be estimated in another way. As we extend the radii, the character of the 
compartments of which the zones are composed will not change much ; the southern halves of 
the zones will lie almost wholly in the plains, the northern compartments among the higher ran- 
ges and the eastern and western among the outer hills, thus there will be no great change in 
the effect of the zones because of changes in the heights of their compartments, and there will 
be a continual decrease owing to the increasing distance from the station. This decrease is pro- 
portional to the decrease in the difference between the reciprocals of the radii. If we make this 
difference constant and equal to its yalue for the 30-35- mile zone, we find the following radii 
42, 53, 70, 105, 210, 100000, we may therefore take it that the masses which lie beyond the 85- 
mile radius will have an effect equivalent to six times that of the 80-85-mile zone. The effect 
of this zone was 9*5, so that 57*0 is to be added for the outer regions. The addition to the 
orographical correction is therefore 



67-0 X 0-000035 = 0-0020 



and the total correction is 



0-0288 



+ 0-0020 
= 0-0258 



Table XII. Orographical Correction at Sandahphu. 
Meight 11766 feet. 
(Zones up to 4 miles). 



No. of 
Zone 


Inner 
Badius 


Outer 

Kadius 


Ai 


Effect 




feet 


feet 


feet 


feet 


feet 


feet 




1 


20O 


300 


6 


9 


37 


54 


0-8 


2 


300 


400 


9 


H 


34 


5« 


0-4 


3 


400 


500 


>3 


18 


34 


67 


0-3 


4 


500 


1000 


55 


>49 


*33 


433 


27-0 


6 


1000 


1500 


333 


333 


583 


866 


41 •» 


6 


1500 


3000 


*83 


549 


899 


1166 


42-5 


7 


aooo 


3640 


416 


633 


9«3 


M33 


45*5 


8 


3640 


3300 


483 


791 


1091 


1624 


385 


9 


.1300 


3960 


508 


941 


1358 


1799 


35 -o 


10 


3960 


5280 


716 


1308 


1733 


23l6 


69-5 


11 


5380 


7930 


816 


1716 


2«33 


3866 


ii6'8 


12 


7920 


10560 


1049 


2016 


»S33 


3466 


86-5 


13 


10560 


15840 


M99 


2566 


3166 


3933 


I28-S 


14 


15840 


21130 


2199 


3033 


3466 


4166 


833 














Sum 


7164 
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Table XIII. Orographical Correction at Sandakphu. 

Seight iVimfeeL 

(Zones from 4 to 35 tnilesj. 



No. of 
Zone 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


^•3 


4 miles 

5 „ 


5 miles 

6 „ 


6 miles 
7k „ 


74 miles 
10 „ 


10 miles 
12 „ 


12 miles 
16 „ 


16 miles 
20 „ 


20 miles 
25 „ 


25 miles 
30 „ 


30 miles 
35 ,. 




A^ 


AA 


A& 


AA 


A^ 


A^ 


A^ 


A^ 


AA 


AA 


/^e^ 


feet 


feet 


feet 


feet 


feet 


feet 


feet 


feet 


feet 


N 


1000 


1300 


1000 


800 


1800 


2800 


1800 


1200 


3200 


5200 




600 


1400 


2000 


2800 


3800 


3800 


2800 


1800 


700 


2200 




2100 


2100 


3000 


2300 


4800 


3800 


5800 


4800 


2800 


2200 




3100 


3700 


4800 


2800 


3800 


4800 


5800 


6800^ 


4800 


1800 




5000 


5400 


5800 


4800 


5800 


8800 


7800 


6800 


5800 


6800 


E 


3200 


4400 


6000 


6800 


7800 


8800 


8800 


8800 


7800 


8800 




4000 


5600 


6300 


6300 


6800 


7800 


6800 


9300 


9800 


9800 




5200 


6000 


4600 


5300 


7800 


5800 


5800 


5800 


8800 


10300 




4800 


3900 


3100 


5100 


6800 


5800 


7800 


6800 


9300 


moo 




3700 


3300 


2400 


4300 


5800 


5800 


7800 


8800 


10800 


1 1400 




2900 


2800 


3800 


4800 


6800 


6800 


8800 


10800 


1 1 200 


11500 


8 


4300 


3800 


4300 


5800 


7800 


7800 


9800 


10600 


11500 


1 1500 




' 


5800 


6800 


8800 


8800 


9800 


10300 


I J 400 


11500 


W 


No xcap available 

for the western 

halves of these 

zones. It has 

been assumed 

that they are the 

same as the 

eastern halyes. 


6800 
5800 
5800 
6800 
4800 
5800 


5800 
6800 
6800 
4800 
3800 
5800 


8800 
8800 
7800 
6800 
6800 
6800 


9800 

8800 
6800 
5800 
6800 
7800 


9800 
9300 
8800 
7800 
7800 
8800 


10800 
9800 
7800 
6800 
8800 
8800 


10800 
10300 
7800 
7800 
8800 
7800 


10800 
10800 
8800 
7800 
9800 
5800 








4800 


4800 


5800 


7800 


8800 


7800 


7800 


4800 








5800 


5800 


5800 


5800 


7800 


6800 


7800 


6800 








5800 


5800 


5800 


4800 


7800 


6800 


5800 


3800 








4800 


4800 


3800 


5800 


5800 


5800 


2800 


6800 


TX 






2800 


2800 


3800 


6800 


5800 


6800 


4800 


5800 


Sffect 


621 


48-4 


764 


838 


67-5 


88-3 


72-5 


586 


43 -4 


265 



Total effect of zones within 35-mile radius = 1343 '9 
Attraction = 1343-9 x 0-000035 = 0-0470 
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At Sandakphu the outer zones may be treated in the same way as at Darjeeling. 
The effect of the 30-35 -mile zone was 26*5, hence that of the remainder may be estimated at 
26*5 X 6=1590, and the addition to the orographical correction is 

1590 X 0-000035 = 00056 
The total correction therefore = 00470 + -0056 

= 00526 



The results of the season's work are summarised in Table XIV. In the case of stations at 
which the times of vibration are given in Table V both with and without a lag correction, the 
mean of the two values at Dehra Diin, that is to say in the room and in the tent respectively, 
and the mean of the differences, have been used in computing g. The formula employed was 

where the letters with the subscript ' o ' refer to Dehra Dun. 

The third term of the formula has not been used except in the case of Sandakphu. 
When *-*o=2090 x lO"'', the value of this term = 0005. 
For g^ the same value as before, namely 979*063 has been adopted. 

Table XIV. Abstract of final Results. 



Station 


Latitude 


Height 


Observed 
SI 









Value at 

sea level 

9o' 


To 


V-yo 


Guttack 


1 

20 29 


feet 
92 


978-659 


+0*009 


-0-003 


O'OOO 


978-665 


978-636 


+0*029 


Chatra 


24 13 


64 


978*878 


+0*006 


— 0-002 


0*000 


978-882 


978-873 


+0*009 


Kisnapur 


25 2 


"3 


978*956 


+ 0*011 


— O-0O4 


O'OOO 


978 963 


978-930 


+0*033 


Samchandpur ••• 


25 41 


132 


978-968 


+0-013 


—0*005 


O'OOO 


978-976 


978-975 


+ 0*00« 


Eesarbari 


26 8 


204 


978*952 


+0-019 


—0*007 


o-ooo 


978-964 


979-007 


-0*043 


Jalpaiguri 


26 31 


268 


978*922 


+0*025 


—0-009 


+0-001 


978-939 


979*035 


—0-096 


Siliguri 


26 42 


387 


978-887 


+0*036 


—0-014 


+ 0*002 


978-911 


979-048 


-0-137 


Kurseong 


26 53 


4913 


978*626 


+0-460 


—0-172 


+o*oi8 


978-932 


979-062 


-0-130 


Darjeeling 


27 3 


6966 


978-501 


+0*646 


—0-242 


+0*026 


978-931 


979*074 


-0-143 




27 6 


11766 


978*190 


+ 1-096 


-0-411 


+0-053 


978-928 


979*078 


—0-150 
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Professor Dr. Hecker has been so kind as to furnish me with the full details of his observa- 
tions at Jalpaiguri, but as they will appear in the publications of the Prussian Geodetic Insti- 
tute it will be sufEicient for me to give a summary of them here. He was equipped with a set of 
six pendulums namely Nos. 5^ 6^ 7^ 8^ 16 and 21^ but No. 6 has not been utilised in the deter- 
mination of g^. 

The times of vibration of the 5 pendulums at Potsdam before and after his journey were : — 



Pendulum 


6 


7 


8 


16 • 


21 


Mean 


Before 
After 


a 

0*5083411 

0*5083413 


9 
0-5083150 

0*5083138 


9 
0*5083166 

0*5083143 


a 
0-50767.39 

0*5076740 


a 
5097473 
0-S09747* 


9 
o- 5084788 

0*5084781 


Mean 


0*5083412 


0-5083144 


0-5083155 


o- 5076740 


o- 5097473 


0*5084785 



At Jalpaiguri Dr. Hecker observed each pendulum six times obtaining the following values : — 



Pendulum 


6 


7 


8 


16 


21 ; 


Mean 




a 

0-5089497 
5'9 
494 
501 
513 
504 


a 
0*5089250 

241 
344 
240 
229 


a 
0*5089278 

264 

343 

346 

339 

244 


a 
0-5082828 

830 

820 

821 

837 

826 


a 
oS«03598 

613 
587 
590 
596 
591 


9 
0*5090890 

93 
77 
80 
81 
80 


Mean 


o- 5089505 


0*5089240 


0*5089252 


0-5082825 


0-5103596 


0*5090884 


Differeuco 
from Potodam 


6093 


6096 


6097 


6085 


6123 


6099 



The resulting values of g at Jalpaiguri are : 



Pendulum 


6 


7 


8 


16 


21 


9 


978-926 


978-925 


978-924 


978-926 


978-921 


Mean 978924 



My value (vide table XIY) is 978*922 and the agreement between the two results is ex- 
tremely satisfactory. 

My value of g at Jalpaiguri is obtained by three steps namely : — 

^ at Potsdam ... = 981-274 

1. ^ at Kew less than g at Potsdam by 0074 

(Mr. Putnam's determination in 1900) = 981-200 

* I am not aware of the reaaon for omitUng the result by Mo^ 6. 
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2. g at Dehra Diin less than g at Kew by 2 - 137 
(observations of 1903-04) = 979-063 

3. g at Jalpaiguri less than g at Dehra by * 141 
(observations of 1904-05) = 978-922 

The agreement therefore of Dr. Hecker's result with mine makes it probable that there is 
no error of importance in any of the above steps. This is the more satisfactory as the Dehra 
y Dun observations of 1904-05 were not by auy means as accordant as could be wished. 



It is still desirable that the connection between Kew and Dehta be strengthened when an 
opportunity occurs, but in the mean time we may feel tolerably confident that the value 979*063 
wluch has been adopted for Dehra Dun is not far from the truth. 
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CHAPTER IV. 



The Observations in 1906-06. 



For the scene of the operations in 1905-06 Colonel Barrard selected a line runnings 
roughly speakings from Simla to Quetta. The objects in view were : — 

(1) To ascertain whether the marked deficiencies in the force of gravity, which had 
been observed in the outer Himalayan Range, and in the submontane tracts, both on the meri- 
dian of Dehra Diin and on that of Darjeeling, would again be found in the neighbourhood of 
Simla, 

(2) To see whether the pendulums would throw light on the deflections of the Plumb- 
line indicated by the Amritsar — Multdn arc of longitude. On this arc one would have expected 
to find the Plumb-lines at both ends deflected outwards, towards the Himalayas and the Suleman 
mountains respectively , but it was found on the contrary that they were deflected inwards. 

(3) To make a first step towards the examination of the Baluchistan mountains. 

(4) To make a set of observations at Captain Basevi's station at Mifin Mir. This was 
the last station at which Basevi observed before starting on his journey to More, and at it the 
pendulums were swung on a stand which had been specially constructed for that difficult expedi- 
tion. It has been thought that this stand may have been less rigid than the ordinary one, and 
that therefore the observations at Mi&n Mir and More may require a specially large correction 
for flexure. 

The observations of the previous season had shewn that the variations of temperature in 
a tent are too large ; it was decided therefore to visit during this season only places in which 
suitable houses were available. Through the kind assistance of the officers of the P. W. Depart- 
ment, of the Indian Civil Service and the Military Works Service, good observing rooms were 
obtained at all the stations visited. 

The equipment was the same as before except that the Transit Instrument No. 1 was used 
instead of No. 2. No. 1 had been fitted with a glass diaphragm with lines ruled upon it instead 
of the spider webs hitherto employed. There had been a good deal of trouble with the webs 
owing to their breaking or becoming loose, and I therefore determined to try lines on glass. The 
diaphragm was made and fitted by Messrs. Troughton and Simms. It is certainly very much more 
convenient than the webs and I donot think that there has been any falling off in the accuracy of 
the intersections. 

An improvement was introduced this year in the method of observing the star-transits. 
Hitherto it has been the custoQCi to divide the programme of stars into two parts and to observe 
the one in the position I. P. E.*^ and the other in the position I. P. W. This year the plan was 
adopted of reversing the telescope in the middle of the observation of each star, this cancels 
coUimation error, error due to inequality of pivots and error due to imperfect knowledge of the 

f lUaminated pivot oMt. 
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^nre-intervals. Furtlicnnore the reduction of the observations is much abbreviated, for the 
process of reducing to the centre wire is got rid of, without losing the check on the accuracy 
of the intersections afforded by a comparison of the times of transit over each wire. 

Throughout the season the time observations were undertaken by Babu Hanuman Prasad. 

The same set of thermometers was used this year as last. During the summer three of 
them, namely Nos. 105868 and 1053(59 by Negretti and Zambra and No. 516 by Fuess had been 
sent to the National Physical Laboratory for a redetermination of their errors. The results 
agreed well with those of the determination made in Nov. 1903. 

A dummy pendulum, with a hollow stem for the reception of a thermometer, was also made 
for me during the summer by the Mathematical Instrument Department. 

A dummy pendulum for the thermometers intended to give the temperature of the true 
pendulum was included in the equipment used by Captain Basevi*^, and so far as I am aware, one 
has always forxned part of the Vou Sterneck apparatus. A device of this kind is specially necessary 
when the temperature is unsteady, and I regretted that I was not equipped with one when observ- 
ing in the tent. Dr. Hecker had one with him and the one made for me is a copy of his. 

I took the dummy pendulum into use at Dehra Dun at the beginning of the field season, 
and the results it gave seemed quite satisfactory, but after that I found that whether the tempera- 
ture of the air was rising or falling the reading of the thermometer in the dummy was always 
considerably below that of the other thermometers; the reason I at last found to be that there was 
too much connection between the dummy and the masonry pillar. The latter at all the stations 
except Dehra Dun had been but recently built, and was damp and colder than the surrounding 
air, and the dummy was constantly parting with its heat to the stone cap through the little tripod 
on which it stood. I could not alter the state of things during the tour and I therefore used the 
readings of the two thermometers attached to the stand for the reduction of the observations, as 
on former occasions. 

The masonry pillar for the pendulum stand was of the same pattern and dimensions as before. 

The temperature conditions were fairly satisfactory at all the stations visited, and as there 
was but little difference between them and those that obtained at Dehra Dun, no lag corrections 
have been applied. The rate of change of the temperature is shewn in the table giving the details 
of the observations, whence it may be seen that the corrections if computed would have been of 
nearly equal magnitude throughout, and therefore without effect on the differences from Dehra 
Dun. 

The latitudes and longitudes have all been taken off the 1-inch or 2-inch map, whichever 
was available, except in one or two cases which are mentioned in the descriptions of the stations. 
The way in which the height of each station was derived is also mentioned in the description. 

The longitudes have all received the correction necessary to reduce them to the most recent 
terms, namely those in which the longitude of Madras has the value 80° 14' 54'^. 

• rid9 Vol y Op. a. T. S. chapter H, Para 6, 
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THE STATIONS. 



Dehra Dun. 

Latitude . ... ... 80 19 29 

Longitude ... ... 78 8 22 

Height above mean sea level ... 2241 feet 
The observations were made in the new pendulum room. None were taken in the tent 
The flexure correction was observed four times .- — 

12th November 15th November 

42-5 X lO"'^ 42-9 x 10"^ 

42*5 42-8 



Adopted Correction — 43 x 10-^ 



Simla. 

Latitude ... ... 81 6 19 

Longitude ... ... 77 9 60 

Height above mean sea level ... 7048 feet 

The pendulum station was situated in one of the rooms on the N. W. side of the civil 
secretariat (Gorton Castle). The height was determined by levelling from the P. W. D. h. s. 
of the Simla triangulation. 

The floor of the room was good and an isolated foundation for the pendulum pedestal was 

not provided. 

The temperature conditions were good. The observations were much delayed by cloudy 
weather; the apparatus was ready on the 12th December but no stars were obtained till the 15th. 

The flexure correction was determined five times^ but only the last three observations have 
been used as the other two were made on the 12th. 



The results were :— 



14th December 19th December 

86'l 
S44 



847 X 10-7 zi'l X 10-» 



Adopted Correction — 85 x 10~' 



Kalka. 



Latitude ... ... 80 50 8 

Longitude ... ... 76 56 22 

Height above mean sea level ... 2202 feet 

The pendulum station was situated in the last room but (me firom the east end of the long 
single-storied building known as Lowrie's hotel. 

To ascertain the height a line of levels was run from rail-level at the railway station to 
the floor of ^he room^ ahowing that the latter i» 55 feet higher than the f onner. Bail*level at 
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Ealka is 1251 feet above rail-level at Ambfila^ and rail-level at Amb&Ia was founds by mnning 
a line to the G. T. bench-mark on the steps of the churchy to be 896 feet above mean sea levd. 

Only one set of observations was made at this station. 

The flexure correction was determined four times : — 



Adopted Correction 



22nd December 


23rd December 


41*5 X 
40-2 


10-* 


40-8 X 10-' 
43-4 


.ion 


-42 X 10-' 






Ludhiana. 


$ tr 


Latitude 
Longitude 
Height above 


mean sealeTel ... 


80 65 25 

75 51 9 

8S5 feet. 



The pendulum station was situated in the western room of the ground floor of the two- 
storied block of officers' quarters in Ludhi&na fort. The room has thick walls and a vaulted roof, 
and the temperature conditions were good. Isolated platforms were built for the pendulum pedes- 
tal and for the clock. 

The height was determined by running a line of levels from the centre (A the metalling at 
the junction of the Amb&la and Ferozepore roads. It was assumed that this point was 2 feet 
higher than the imbedded bench-mark of the O. T. levels mentioned on p. 107 of the pamphlet o£ 
1863. This bench-mark could not be found. 

The flexure correction was determined five times :— 



80th Decemb» 








&th January 


48*5 X 10-» 
438 








43*6 X 10-' 

40-7 
41-4 




• 
-43 


X 


10-' 





Adopted Correetion 

At this station the method of reversing the transit instrument in the middle of the obsenra^ 
tion of each star^ was used for the first time. 



Mian Mir. 


f w 


Latitude ... ... 81 

Longitude ... ... 74 

Height above mean sea level ... 


81 87 
22 82 
708 feet. 



The pendulum station was situated in the southernmost of the three principal rooms of H 
small bungalow which stands immediately behind ( i. e. to the weat oQ Messrs. Jamsetjee'a sbof^, 
and a little to the east of north of the racket court* 
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This IB probaUj not tlie same house as that in which Captain Baseri observed in 1871. 
Enquiries from old residents shewed that there had bpen a small house about 100 jards further 
west^ which had been pulled down some time ago^ it seems probable that it was there that the old 
pendulum obserrations were made. 

The height was determined by a line of levels from a G. T. bench-mark on the steps of the 
church. 

The longitude given by Captain Basevi for his station is 74^ 25' 4ff\ that which I found 
for my station by a traverse to the church, the co-ordinates of the steeple of which are given in 
Synoptical Volume IV of the G. T. Survey, was 74° 24' 59^ (in the old terms). Taking into 
consideration the distance of about 100 yards that separated the two stations and the fact that 
Captain Basevi^s was to the west of mine^ the longitude of the old pendulum station, as deduced 
from that of mine^ must have been 74° 24' 56^ approximately. I am unable to explain the differ- 
ence of 44^ between Captain Basevi^s value and that now deduced. It would appear that his 
value is not in terms of the datum of the O. T. Survey, vtr., Warren's value for the 
Longitude of Madras, 80® 17' 21". . It is not, however, to be supposed that this discrepancy 
indicates a doubt as to the identification of Basevi's station. It was ascertained with complete 
certainty that his station was situated somewhere within a certain acre of ground. 

The floor of the room was not good and isolated platforms were built both for the pendu- 
lums and for the clock. 

The flexure correction was determined five times :«— 



9th January 


18th Januaiy 

• 


40*3 X 10-» 
42-3 
89- 1 


36- 1 X 10-' 
87-6 


- 89 X 10-» 




Ferozepore. 




... 80 55 48 

... 74 87 4 
sea level ... 647 feet. 



Adopted Correction 



Latitude 
Longitude 
Height above m 

The pendulum station was situated in the eastern room of the P. W. D. Best-house, the 
latter stands about 570 yards east of the junction of the maiu road to Lahore with the Ferozepore 
Mall. 

The height was determined by a line of levels run from a bench-mark of the G. T. Survey 
on the 1st mile-stone on the Lahore road. 

The floor of the room was good and isolated platforms were not provided. 

The flexure correctipn was determined six times : — 

17th January 19th January 21st January 

• 51*2 X 10-» 47 -'l X 10-' 48*7 x 10"^ 

51-8 48*9 48-4 

For the first two sets of observations the value— 50 x 10~' was adopted and for the last set 
the value -48* x 10-». 
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Pathankot. 

Latitude ... ... 32 16 33 

Longitude ... ... 75 39 . 3 

Height above mean sea level ... 1088 feet 

The pendulum station was situated in the room at the east side of the District Rest-house. 
This room is about 710 feet norths and 565 feet east of the centre of the platform of the rail- 
iray station. 

A line of levels was run from the railway to the pendulum room showing that the latter 
is 4*6 feet above rail-level. The height of the rails given by the railway authorities was 1083*7 
feet. 

The flexure correction was determined four times : — 

31st January 5th February 

39-8 X 10-7 88-5 ^ 10-^ 

40-9 89*8 

♦ 
Adopted Correction — 40 x 10"^ 



Montgomery. 



Latitude 

Longitude 

Height above mean sea level 



30 39 47 

73 6 18 

•557 feet 



The pendulum station was in the Municipal Building, it was about 530 feet south and 
2900 feet east of the monument to L. O. Fitzhardinge Berkeley which stands immediately in 
front of the cutcherry. 

The height of the floor of the room was determined by levelling from the railway station. 

The flexure correction was determined seven times : — 

11th February 14th February 16th February 20th February 

» » a s 

40-9 X 10-» 



41-8 X 10-^ 
41-8 

Adopted Correction 



40 X 10-7 
41*4 



39.6 X 10-» 
40-3 



- 41 X 10-» 



Dera Ghazi Khan. 

Latitude ... ... 30 

Longitude ... ... 70 

Height above mean sea level . . . 



3 49 
45 38 
397 feet 



The pendulum station was situated in a house on the eastern side of the road which runs 
nearly north and south and passes between the Church and the Cutcherry. The pillar was about 
1400 feet south and 430 feet west of the centre of the Church. 
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There had been an imbedded bench*mark of the principal levelling close to the gate of 
the Treasury, but it could not be found ; so it was assumed that it had been 1 foot below ground 
level^ and a line of levels was run from its probable position to the pendulum room. 

The flexure correction was determined four times^ and showed that a large change in the 
rigidity of the pillar took place while the observations were in progress, this was due to the ce- 
ment being still wet when the observations began^ and becoming harder gradually. 

The results of the observations were :— * 

27th February 2nd March 

66-4 X 10-» 55*6 x 10"^ 

65-0 56-8 



The adopted corrections were :— 



s 



February 27 Night -59 x 10-^^ 

28 Day 58 x lO"' 

28 
March 1 

1 
2 




-57 X 10-^ 



These values were obtained by drawing a curve of the same form as that found at Jalpai- 
guri in 1905^ where the circumstances were similar. 



Multan. 

Latitude ... ... 80 11 11 

Longitude ... ... 71 25 51 

Height above mean sea level 404 feet 

The pendulum station was in a room at the northern corner of a house which stands in the 
S. £. angle formed by Lake Street and Prince's Road. 

The height was determined by levelling from the bench-mark in the compound of the 
Canal office. 

The flexure correction was determined five times :^ 

7th March 

45- 1 X 10-1 
41-8 

Adopted Correction 

This station was very near the road and I do not think that the ground was wholly free 
from tremors caused by passing traffic. I did not succeed in definitely detecting tlieir effects but 
I think that the less good agreement between the results of the several sets of observations may 
probably be ascribed to them. 



lOth March 


11th March 


45 3 X 10-» 


44-5 X 10-» 
45-5 


-44 X 10-" 
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Jacobabad. 

Latitude ... ... 28 16 34 

Longitude ... ... 68 27 5 

Height above mean sea level 183 feet 

The pendulum station was situated in the large western room of the Military Works Rest- 
house. The pillar was about 5800 feet east and 106 feet north of the centre of the railway 
station. The height was determined by two separate lines of levels^ the one to the nearest canal 
bench-mark and the other to the rails opposite the station platform. 

The results differed by 1 foot only. 

The flelsLure correction was determined five times :— > 

15th March 18th March 



54-7 X 10-' 52- 1 
52-5 510 
53-3 

« 
Correction —53 x 10-' 


X 10-' 


Sibi. 

• 

Latitude ... ... 29 

Longitude ... ... 67 

Height above mean sea level ... 


» m 

32 46 
52 31 
434 feet 



The pendulum station was in the centre room of the D&k Bungalow. 

« The pillar was about 390 feet south and 980 feet east of the centre of the platform of 

the railway station. 

The height was determined by levelling from the railway lines opposite the station. 

The flexure correction was determined six times :— - 

21st March 

49-4 X 10-7 
490 . 

Adopted Correction 

Bad weather was met with at this station and stars were obtained on the nights of the 
21 st^ 23rd and 26th only. Therefore^ although 5 sets of observations were made^ only 2 indepen- 
dent results can be deduced from them. 



26th March 


2rth March 


45-6 X 10-' 

44-5 


46-9 X 10-» 
46-4 


- 48 X 10-' 





Mach. 


o 


/ #f 


Latitude 

Longitude 

Height above me^i sea level ... 


29 
67 


52 25 
18 20 
3522 feet 



The pendulum station was situated in the centre room of building No. 36^ whiqh stands 
between the Military Works Inspection House and the Rest-house or D&k Bungalow^ and about 
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50 yards from the former. The approximate distance and azimuth of the centre of the iron 
railway bridge on the opposite side of the Bolan Biver were 2300 feet and 276^. 

The height was determined by levelling from the Sibi abutment oE the above-mentioned 
bridge. The height of that point as determined by the railway engineers is 3430*7 feet above 
mean sea level and the floor of the pendulum room was found to be 91 *S feet above it. 

The flexure correction was determined four times :— 

29th March 31st March 

40-5 X 10-7 88*0 X 10-» 

39*2 36-6 

B 

Adopted Correction — 89 x 10"^ 



Quetta. 

Latitude ... ... 80 12 15 

Longitude ... ... 67 41 

Height above mean sea level . . . 5520 feet 

The pendulum station was situated in the small bungalow in the compound of the C.B.E.'s 
house^ which used formerly to be the Superintending Engineer's office. The C.B.E.'s house 
stands in the eastern angle formed by the intersection of Phayre Boad with Lytton Boad. The 
pendulum pillar was about 126 yards from^ Phayre Boad and 31 yards from Lytton Boad. A 
plane table traverse was made connecting the 'pendulum station with the Telegraph Office S. at 
which a latitude and an azimuth had been observed in 1904^ and the co-ordinates of which are 
given in Vol. XV. Op. G. T. S. Appendix p. (12). 

The height was determined by levelling from the railway station. Bail-level at the station 
as determined by the railway engineers^ is 5501 '6 feet. 

The flexure correction was determined five times : — 

3rd April . 6th April 

42-9 X 10-» 41*6 X 10-7 

463 40-5 

42-9 

# 
Adopted Correction — 43 x 10-» 



Dehra Dun. 

On returning to Dehra Dun the closing observations were made in the pendulum room. 

The flexure observation was made four times and yielded the following values :— 

20th April 26th April 

40*4 X 10-^ 36*7 X 10-7 

40-7 • 37-5 

ff 
Adopted Correction — 39 x 10-' 
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Dehra Dun— (Pendulum room). 




12-13 November, 1905. 




h m 


« 


» / 1 





1 


* 












8 


'37 
'39 
'38 
140 


I 17 
3 '4 

3 23 

4 20 


34-051 

34*49' 

33 007 

34 843 


+ 5-85 

5-85 
5-85 


'3 
14 
'4 
'3 


21*04 
2115 
20 "96 
20*91 


-008 
o-o8 
0*08 
o*o8 


0-853 
0855 
0-855 
0*856 


o-50745'3 
o- 5073549 
0-5076907 

0-5072795 


-343 
343 
343 
343 


-5 
5 
5 
5 


-1031 
1036 
1027 

1024 


1 

t 

C9 


- 507 

S'8 

489 

519 

Mean 


-43 
43 
•43 
43 


0-5072584 
0-5071604 
0-5075000 
0-5070861 

0*5072512 


'37 
'39 
138 
140 


'3 25 
'4 23 
'5 '9 
16 18 


34-064 
34-500 
33*015 
34-848 


+ 5-85 
5-85 
5-85 
S-85 


'3 
'5 
16 
10 


20*71 
2081 
2o*97 
21*00 


+ 0-12 

0*12 
0*12 
012 


0-857 

0-857 
0856 
0-855 


0-5074485 
0-5073528 
0*5076888 
0-5072786 


-343 
343 
343 
343 


-5 
6 

7 
3 


— IOI5 

1020 
1028 
1029 


-A 


- 509 
519 
490 
5'8 


-43 
43 
43 
43 


0-5072570 

o-507'597 
0-5074977 
0-5070850 




Mean ... 


0.5072499 




Time of Vibration of Mean Pendulum ... 


0*5072505 




13-14 November, 1905. 


140 
138 
139 
'37 


1 23 

2 22 

3 '9 

4 16 


34-848 
33011 
34-501 
34-055 


+ S'95 
5-95 
5*95 
595 


'7 
'5 
14 
12 


20*92 
21-04 
20*93 
20*98 


-O'OI 

001 

O'OI 

001 


0856 
0856 
0857 
0-856 


0*5072786 
0*5076897 
0-5073527 
0-5074505 


-349 
349 
349 
349 


-8 
6 

5 
4 


— 1025 
103 1 
1026 
1028 


1 


- 5'9 
490 
5'9 
508 

Mean 


-43 
43 
43 
43 


0*5070842 
0*5074978 
o-507»585 
0-5072573 

0-5072495 


140 
'38 
'39 
137 


'3 38 
'4 37 
'5 40 
16 38 


34-848 
33-014 
34498 
34-052 


+ S-95 
5*95 
5'95 
5-95 


'4 
'4 
14 
12 


20*62 
20*78 
20*83 
20 93 


+ 0-09 
0*09 
0*09 
0*09 


0859 
0857 
0857 
0856 


0*5072785 
0*5076889 
0-5073532 
0-S0745" 


-349 
349 
349 
349 


-5 
5 
5 
4 


— lOIO 

1018 

1021 
1026 


iZi 


- 52' 
490 


-43 
43 
43 
43 


0-5070857 
0-5074984 
0-507*595 
0-5072581 




Mean ... 


0-5072504 




Time of Vibration of Mean Pendulum ... 


0*5072499 




14-15 November, 1905. 


137 
'39 
'38 
140 


1 27 

2 24 

3 '9 

4 '4 


34-045 
34-488 
32-997 
34-83<^ 


+ 6-i6 
616 
616 
616 


'3 
'4 
'5 
'3 


20*76 
20*77 

20-8l 

20*82 


+ 0-03 
0*03 
0-03 
0-03 


0856 
0-856 
0*856 
0856 


0-5074527 
o- 5073556 
0*5076929 
0*5072811 


-362 
362 
362 
362 


-5 

5 
6 

5 


— 1017 
IO18 
1020 
1020 


1 


- 508 

5'9 
490 
5'9 


-43 
43 
43 
43 


0-5072592 
0-507 1609 
0-5075008 
0*5070862 


























Mean 


... 


0*5072518 


'37 
'39 
'38 
140 


'3 48 
14 40 
'5 46 
'6 43 


34-045 
34 495 
33 004 

34-84' 


+ 616 
616 
616 
616 


13 
»4 
16 

'4 


20*58 
20 '69 
20-78 
20-80 


+ 0-08 
0-08 
0*08 
0-08 


0858 

0-857 
0857 
0*856 


0-5074527 
0-5073540 
0-5076915 
0-5072800 


-362 
362 
362 
362 


-5 

5 
7 
5 


-1008 
IOI4 
1018 
IOI9 


'A 


- 5'o 

5'9 
490 

5»9 


-43 
43 
43 
43 


0-5072599 
o*507'597 
0-5074995 
0-5070852 




Mean ... 


0-5072511 




Time of Vibration of Mean Pendulum ... 


0*5072514 




General Mean ... 


0-5072506 




Simla. ' 




15-16 December, 1905. 




h m 


s 
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ff 


«37 
'39 
'38 
140 


3 25 

4 22 

5 '6 

6 II 


34-277 
34726 
33-215 
35-078 


- 2-36 
2\36 

2-36 

2 36 


'5 
16 

'7 
'5 


IO-45 
10-56 
10-58 
10-56 


+ 0-03 
0-03 
0-01 
0-03 


1 0-749 

; 0-748 

|0-747 

|0-747 


0-5074012 

0-5073043 
0-5076417 
0-5072300 


+ '39 
'.39 
'39 
'o9 


-6 

\ 

6 


- 5'2 
5»7 
5»8 
5'7 


1 


- 445 

453 

427 

453 

Mean 


-35 
35 

35 
35 


oso73'53 
0*5072170 
0-5075568 
0-5071428 

0*5073080 


'37 
'39 
'38 
140 


'5 39 
1632 

17 26 

18 26 


34- 272 
34-7'8 

35 074 


- 2-36 
2-36 
2-36 
236 


'5 
16 

'7 
'4 


10*67 
10-67 
1076 
10-84 


+ 0*07 
0-07 
0-07 
0-07 


0-748 

0-748 

,0-748 

lo-748 


0*5074025 
0*5073060 
0-5076427 
0-5072308 


+ '.?9 
'39 
'39 
'39 


-6 

7 
8 

5 


- 52.1 
523 
527 
53' 


■§ 
^ 


- 444 
453 
428 

453 


-35 
35 
35 
35 


0-5073156 
0-5072181 
0-5075568 
0-5071423 




Mean ... 


0*5073082 




Time of Vibrntion of Mean Pendulum ... 


0*5073081 
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Table J. Details of the Observations — (Continued). 
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1 6- 1 7 December, 1905. 
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140 


3 28 


35 056 


- 2-49 


16 


11-15 


— 0*02 


0*747 


I3H 


4 21 


33* >97 


2-4Q 


'I 


11*13 


0-02 


0747 


J 39 


5 16 


34* 705 


2-49 


16 


1 1 09 


0*02 


0*746 


'37 


6 12 


34*258 


249 


14 


1 1 -II 


002 


0*746 


140 


"5 56 


35 070 


- 2*49 


16 


10-90 


+ 0-05 


0-748 


138 


16 44 


33 •201 


2*49 


18 


1 1 *oo 


0*05 


0*747 


«39 


'7 32 


34-7>o 


2*49 


>7 


II 05 


0*05 


o*747 


»37 


19 24 


34*256 


2*49 


14 


ii'ii 


0*05 


0*747 



a 

0*5072347 
o- 5076460 
0*5073089 


+ 146 
146 
146 


- 7 
8 

7 


- 546 
545 
543 


'S 


- 453 
427 

452 


0*5074057 


146 


5 


544 


1 


443 










Mean 


0-5072317 
0*5076450 


+ 146 
146 


- 7 
9 


- 534 
539 


.A3 

2; 


- 453 
427 


0*5073076 
0-5074061 


146 
146 


8 

5 


541 
544 
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444 



Mean 
Time of Vibration of Mean Pendulum 



0"507«452 

0*5075591 
05072 198 

0*5073176 
0-5073104 

0*507*434 
0*5075586 
0-5072185 
0*5073179 
0*5073096 
0-5073100 



'39 
137 

Mo 

138 



J39 

J37 
140 

138 



17-18 December, 1905. 
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34 709 


— 2 


•29 


16 


ft 
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Kalka. 
22-23 December, 1905 



a 
0*5074333 
0*507334* 
0-5076748 
o*507»6id 


~ 539 
539 
539 
539 


- 6 

3 
8 
6 


- 861 
865 
872 
876 


a. 


- 5»S 
525 
495 
524 

Mean 


-4^ 
42 
42 
42 


0*5074352 
0*5073363 
0*5076763 

0*5072646 


- 539 
539 
539 
539< 


- 7 
8 
8 
7 


- 872 
880 
887 
893 


1 


" S'6 

496 

525 


-42 
42 
42 
42 








Mean 




Time 


of Vib 


ratio 


nof M 


ean Per 


idulum 





>'507237o 
►*507 • 3^7 
• •5074792 
> - 5 o 7 o 6 3 I 

*50 7 2 290 

-5072376 
•507 13^8 

•507479' 
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34 848 
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»4 
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0-08 
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'37 
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'38 
140 


16 24 

17 19 

18 30 

19 25 


34-386 
34 840 
33*320 
?5'97 


+ 5*'7 
5'7 
5*'7 
5'7 


>5 

'5 
'9 
'7 


16*71 
16-79 
i6-86 
16*91 


+ 0-07 
0-07 
0*07 
007 


0-916 
0-916 
0*914 
914 



Ludhiana. 
30-31 December, 1905, 
a 
0*5073756 
0-5072786 

0-5076153 
0*5072035 



0*5073776 
0*5072800 
0*5076173 
0*5072053 
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S 


834 


a. 

OS 


553 
Mean 


43 


-303 


- 6 


- 819 





- 544 


-43 


303 


6 


823 




555 


43 


303 


TO 


826 




S»3 


43 


303 


8 

•SI f-.i nr 


829 

1 nf Mp 


ftTi P*»n 


554 
Mean 

rliiliiTn 


43 



0*5072037 
0*507 1050 

0-50744*45 
0-5070297 

o 5071957 
0*507206 I 
0507 1070 
0-5074468 
0*50703 16 

0*5071979 

0*5071968 
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J 



TS 


i> 

.S CI 




5 

s 


2 
a 

i 


Tempera- 
ture 


u 

CQ 
P 


Obserred 

IHme of 

Vibration 


Correction on account of ^ 


Eeduced 

Time of 

Vibration 


T3 




1^ 





9 


2 

s 


1 


r 


1 




31 December, 1905— i January, 1906. 




1 


140 

'39 
137 


h m 

4 23 

5 22 

6 18 

7 '7 


35-'7o 
33 297 
34-8i6 
34362 


9 

4- 6*33 

6-33 

6-33 

^•33 


'7 
18 

'7 

'5 


1 7° 04 
16-92 
16 94 
1717 




+ 0-04 

0*04 

0*04 

0-04 


0-916 
0-916 
0-916 

o-9'5 


9 
0-5072108 
0-5076x26 
0-5072852 
0-5073830 


-372 
372 
372 
372 


- 8 

9 
8 
6 


- 835 
829 
830 
84' 


\ 

as 


- 555 
524 
555 
544 

Mean 


-43 
43 
43 
43 


s 
0-5070295 
0*5074449 
0*5071044 
05072024 

o-507'953 


140 
138 

»37 


16 26 

17 25 

18 ai 

19 32 


35-167 

33 293 
34-811 

34 363 


+ 6*33 
6-33 
6-33 
6-33 


17 
18 
18 
16 


16-56 
.6-63 

'6-53 
16-59 


— 0-02 
002 
0-02 
001 


0-918 
0-918 
0-917 
0-917 


0*5072 11 5 
0-5076237 
0-5072863 
0-5073827 


-372 
372 
372 
372 


- 8 
9 
9 

7 


- 811 

815 
810 

813 





- 556 
525 
556 
545 


-43 
43 
43 
43 


0-5070325 

0-5074473 
0-5071073 
0*5072047 






Mean 


... 


0-5071979 




1 Time of Vibration of Mean Pendulum 


... 


0*5071966 




2-3 Januiiry, 1906. 




1 


"39 
»37 
140 

138 


4 30 

5 29 

6 »5 

7 23 


34-787 
34*335 
3S»4» 
33-27' 


+ 7-57 
7-57 
7-57 
7-57 


'7 
14 
»5 
16 


16-65 
16-78 
16-76 
16-83 


4- 0-04 
0-04 
0-04 
0-04 


0-916 
0914 
0-916 
0-914 


0*5072915 
0-5073888 
0*5072167 
0*5076288 


-444 
444 
444 
444 


- 8 

5 

6 

7 


- 816 
822 
821 
82s 


.1 
1 


- 555 

543 
555 
523 

Mean 


-43 
43 
43 
43 


0*5071049 
0*5072031 
0*5070298 
0-5074446 

0-5071956 


'39 
137 
140 

138 


16 38 
1738 
'8 38 
'9 37 


34 784 

34*335 
35 -'46 
33'27i 


+ 7-57 
7-57 
7-S7 
7*57 


'7 
'3 
'5 
'7 


16-41 
1644 
16-52 
16-59 


4-o*o7 
0-07 
0-07 
0-07 


0-919 
0-919 
0*918 
0-918 


0*5072921 
0-5073888 
0*5072158 
0-5076287 


-444 

444 
444 
444 


- 8 

\ 

8 


- 804 
806 
809 
813 


^ 
« 


- 557 

^^\ 
556 

52s 


-43 

43 
43 
43 


0-5071065 

0*5072044 
0*5070300 

0-5074454 






Meaa 


... 


0-5071966 




Time of Vibration of Mean Pendulum 


... 


0-5071961 




3-4 January, 1906. 




1 


138 
140 

137 
»39 


4 25 

5 20 

6 .3 

7 5 


33-258 
35- '23 
34-3«9 
34-765 


+ 7*94 
794 
7-94 
7*94 


18 
'5 


'6-85 
16-91 
16-95 
17-02 


4-0-06 
006 
o-o6 
006 


0-918 
0917 
0-917 
0917 


0*5076316 
0*5072206 
05073922 
0-5072960 


-466 
466 
466 
466 


- 9 
6 
6 
7 


- 826] 
829 
831 
834 


1 


- 525 

556 
545 
556 

Mean 


-43 
43 
43 


0-5074447 
0-5070306 
0*5072031 
0-507*054 

0-5071959 


138 
140 
'37 
139 


i^ 45 

17 37 

18 30 

19 33 


33-270 
35-138 
34' 339 
34-784 


+ 7-94 
7-94 
7 -94 
7'94 


18 

'5 
'4 
»5 


»S'92 
16-03 
1605 
16-05 


+ 004 
0-04 
0-04 
0-04 


0-923 
0-922 
0*922 
0*920 


o- 5076288 
0'5072i75 
0*5073878 
0*5072923 


-466 
466 
466 
466 


- ^ 

6 

I 


- 780 
78^ 


■ » 


- 528 
559 

558 


-43 
43 
43 
43 


0-5074462 
0-5070316 
0-5072030 
0-5071063 






Mean 


... 


0-507 1 968 




Time of Vibration of Id 


ean Pendulum 


... 


0*5071964 






General Mean 


... 


0*5071965 




Mian Mir. 








lo-n January, 1906. 






'37 
«39 
138 
140 


hm 

6 17 

7 M 

8 


t 
34-617 
35 -061 
33522 
35^420 


8 

+ 4'9 
419 
4- 19 
4- 19 


16 
16 

17 
16 


'4- 43 
1468 
14-78 
'4^> 


+ 0- 16 
O' 16 

0- 16 
o- 16 


0-929 
0*928 
0-928 
0-926 


0*5073*77 
0-5072335 
0-5075707 
o-507>593 


- 246 

246 
246 
246 


- 7 

7 
8 

7 


- 707 
719 

724 
730 


1 
■3. 
& 


- lit 
562 

561 

Mean 


-39 
39 
39 
39 


0-5071726 
0-5070762 

o-5074'S9 
0*507 001 

0-507166-4 


'37 
139 
'38 
140 


17 .8 

18 10 
'9 4 
*9 58 


34 590 
35-047 
33-500 
35-404 


4- 4-19 
419 
4''9 
4*9 


16 
'7 

]6 


14-69 
14/6 
H-73 
'4-74 


+ 001 

01 
^•01 

^•01 


0*930 
o-9«9 
0929 
0'9a9 


o- 5073336 
0-5072366 

0*5075743 
0*5071625 


- 246 
246 
246 
246 


8 

7 


- 720 

723 
722 
722 


1 


- 552 
563 
531 
563 


-39 
39 
39 
39 


0-5071772 
0-5070787 
0-5074197 
0-5070048 






Mean 


... 


0-5071701 










Time of Vibration of M 


lan Pendulum 


... 


0*5071683 
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Table I. Details of the Observations -^{Continued). 



B 

a 
Ph 



B 



9-* 



.S fl 



- o 

5 



!^ 



Tempera- 
ture 






o 

0> P4 



^ 



o 



p 



Observed 

Time of 

Vibration 



Correction on account of 



o 









p 



Eeduced 
Time of 
Vibration 



11-12 January, 1 906. 





h m 


« 


* 


1 





e 




140 


5 '5 


35*390 


+ 4-85 


'7 


'5-37 


+ 0-02 


0-925 


138 


6 14 


33*496 


485 


17 


'5-39 


0-02 


0-925 


'39 


7 " 


35-028 


485 


16 


15-41 


0-02 


0-925 


'37 


8 9 


34-568 


485 


'4 


'5-43 


0-02 


0925 


140 


17 16 


35-390 


+ 4-85 


17 


15-00 


— 001 


0*93' 


'38 


18 13 


33-491 


4-85 


'7 


'4-95 


o-oi 


0-931 


'39 


19 li 


35-026 


485 


16 


14-94 


0-01 


0-931 


'37 


20 10 


34568 


485 


14 


14 99 


O'Ol 


0*93' 



o- 507 '653 


- 285 


- 8 


- 753 




- 56' 


-39 


0-5075768 


285 


8 


754 




529 


39 


0-5072406 


285 


7 


755 


'S 


561 


39 


0-5073383 


285 


5 


756 




549 
Mean 


39 


o- 507*653 


- 285 


- 8 


- 735 




- 564 


-39 


0-5075779 


285 


8 


733 


533 


39 


0-5072410 


285 


7 


732 




564 


39 


0-5073385 


285 


5 


73S 




553 


39 






Mean 


... 


Time of Vibration of Mean Pendulum 


... 



0-5070007 
0-5074153 
0-5070759 
0-5071749 

0-5071667 

0-5070022 
0-5074181 
0-5070783 
o-5o7'768 

0-5071689 

0-5071678 



12-13 January, 1 906. 



'39 


5 27 


35-004 


+ 5*44 


'7 


'5*36 


+ 0-04 


0-929 


'37 


6 22 


.U-547 


5-44 


'4 


'5*43 


0*04 


0-929 


140 


7 17 


35-364 


5*44 


'7 


'5-46 


0-04 


0-929 


'38 


8 '5 


33 465 


5*44 


»7 


'5-48 


0*04 


0928 


'39 


17 26 


35*oi2 


•^ 5*44 


18 


14-9' 


+ 0-03 


0-930 


'37 


18 21 


34*552 


5*44 


'5 


'5-09 


0*03 


0929 


140 


19 16 


35*372 


5*44 


18 


.5-06 


0*03 


0-929 


«38 


20 16 


33*478 


5*44 


'9 


15-06 


0-03 


0*929 



0*5072456 
0-5073428 
05071707 
0-5075838 


- 3'9 
3»9 
319 
3'9 


- 8 

5 

8 
8 


" ^53 
756 
758 
759 


1 


- 563 

563 

53' 

Mean 


0-5072437 
o- 50734 17 
0-5071691 
0-5075809 


- 3'9 
3'9 
3>9 
319 


- 9 
6 

9 
10 


- 73' 

739 
738 
738 




- 564 
563 



-39 
39 
39 
39 



■39 
39 
39 
39 



Menu 

Time of Tibration of Moan Pendulum 

General Mean 



0-5070774 

o-507'757 
0-5070020 
0-5074182 

05071683 

0-5070775 
0-5071762 
0-5070023 
0-5074172 
O"507i683 
5071683 
0*5071681 



Ferozepore* 
17*18 Jannoiyi 1906. 





A tn 


^ 


« 


/ 





B 




'37 


9 U 


34-585 


•^ 3-27 


'7 


'387 


o-oo 


0-930 


'39 


10 12 


35-040 


327 


'7 


13-90 


0*00 


0930 


'38 


fi 11 


33-503 


3-27 


18 


'3*«9 


0-00 


0-930 


140 


12 9 


35*404 


3*27 


16 


13-88 


0*00 


0-930 


'37 


21 13 


34-59' 


+ 3*27 


'5 


'3*74 


o-oo 


0-932 


139 


22 15 


35*047 


3*27 


16 


'3*73 


o-oo 


0932 


'38 


23 '5 


33-503 


3-27 


17 


'3-73 


0-00 


0932 


140 


19 


35 '397 


3-27 


'9 


'3*74 


o-oo 


0-93' 



9 
0-5073347 
05072379 
0-5075750 
0-5071625 


- 192 
192 
192 
192 


- 8 
8 
9 

7 


- 680 
681 
681 
680 


i 


- 552 

564 

532 

564 

Mean 


-50 
50 
50 
50 


0-5073332 
0-5072365 
0-5075750 
0-5071638 


- 192 
192 
192 
192 


- 6 

7 

8 

10 


- 673 
673 

673 





- 554 
565 
533 
564 


-50 
50 
50 
50 






Mean 


... 


Time 


of Vib 


ratioi 


a of M 


can Pe 


ndulum 


... 



0-5071865 

0*5070884 
0-5074286 
0-5070132 

0-5071792 

o-5o7'857 
0-5070878 
05074294 
0-5070149 

o-507'795 
0-5071793 



140 
'38 
'39 
'37 



140 
'38 
'39 
'37 



18-19 Jannaiy, 1906. 



9 3 


35*392 


•^ 3-58 


18 


14-04 


4-0-08 


0-930 


to 4 


33 '493 


3*58 


»7 


'4-23 


o-o8 


0-929 


II I 


35-027 


3*58 


'7 


14-28 


o-o8 


0-929 


" 57 


.H-565 


358 


'5 


'4-32 


0-08 


0-929 


21 11 


35-393 


■*• 3*58 


16 


13-96 


+ 0-05 


0-932 


22 10 


33 496 


3-58 


'7 


14-08 


0-05 


0932 


23 9 


35*028 


3*58 


16 


14-10 


0-05 


0931 


9 


34573 


3-58 


'4 


1412 


005 


0-931 



0-5071650 


— 210 


- 9 


- 688 




- S64 


0-5075773 


210 


8 


697 




5.1' 


0-5072408 


210 


8 


700 


'd 


563 


0-5073390 


210 


6 


702 


1 


Mean 


0-5071648 


— 210 


- 7 


- 684 


.43 


- iH 


0-5075767 


2^0 


.8 


690 


SW 


0-5072403 


210 


7 


6qi 




h^^ 


0-507337' 


210 


5 


692 




553 



•50 
50 
5c 
50 



Mean 
Time of Vibration of Mean Pendulum 



0-50701 29 

0-5074277 
0-5070877 
0-507 1870 

0-5071788 

0-5070132 
0-5074276 
0-507088 I 
0-507 1861 

0-5071788 

0-5071788 
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B 






a 


|i 




2 

< 
1 

s 


Tempera- 
ture 





Observed 


Correction on account of 


Reduced 





§ 3 







2 

3 




««-1 




^ 

'^ 


'S 


*5 © 


M 


'1 


»« 


(5 


Time of 


1 









2 


Time of 


s 


in 




1 




s 






Vibration 


3 


2 

< 


i 

1 


1 






Vibration 


20-21 January, 1906. | 




h m 


« 


« 


/ 










f 














9 


^^9 


9 16 


.34-998 


+ 4- 29 


'7 


14.70 


+ 0-03 


0-925 


05072468 


-252 


- 8 


— 720 




- 56' 


-48 


0-5070879 


137 


10 15 


34-540 


4-29 


'4 


'4-79 


0*03 


0-925 


0-5073442 


252 


5 


725 




549 


48 


0-5071863 


140 


" '3 


.S5-358 


429 


16 


'4 79 


003 


0-925 


0-5071718 


252 


7 


725 


73 


.'i6i 


48 


0-5070125 


138 


12 12 


33 464 


4-29 


'7 


14*82 


0-03 


0925 


0-5075840 


252 


8 


726 


1 


529 
Mean 


48 


0-5074277 
0*507 1 786 


"39 


21 17 


.H-997 


+ 4-29 


18 


'4-43 


+ 0'I0 


0-938 


0-5072470 


-•12 


- 9 


- 707 





- 562 


-48 


0-5070892 


137 


22 21 


.U-5.39 


4*29 


16 


14-50 


010 0928 


0-5073445 


252 


7 


7" 




55' 


48 


0-507 1 876 


140 


23 18 


35*355 


4.29 


•7 


'4-63 


0*10 OQ2S 


0-50717^7 


252 


8 


717 


' 


561 


48 


0-5070141 


138 


15 


33-461 4- 291 


19 14-681 


o*io 0-925 


0-5075848 252 1 10 


719 


529 


48 


0-5074290 


ilcHB .,. 


0-507 r 799 


Time of Yibr&tion of Mean Pendulum „. 


0^5071793 


; Genersl Mean .„ 


5071791 


Pathankot. 


4-3 Februiifj, 1906, 




i fli 


« 


» 












* 








1 




« 


137 


6 26 


.34-497 


+ o-6i 


16 


i6-o6 


+ 0-II 


0-907 


0*50735.36 


- 36 


- 7 


- 787 




- 5.39 


-40 


0*5072127 


'^2 


7 22 


34-949 


o'6i 


18 


16-29 


0*11 


0-906 


0-5072570 


36 


9 


798 




549 


40 


0-5071 138 


138 


8 20 


33-419 


o'6i 


18 


1636 


o-ii 


o*9P4 


0-5075942 


36 


9 


802 


% 


5'7 


40 


0*507453^ 


140 


9 16 


35-«94 


o*6i 


17 


i6'4i 


o-ii 


0904 


0*5071852 


36 


8 


804 


1 


548 


40 


0-5070416 


























Mean 


... 


0-5072055 


«37 


18 21 


34-488 


+ o-6i 


'7 


i6-oo 


+ o-o8 


0-911 


0-5073556 


- 36 


- 8 


- 784 





- S4I 


-40 


0*5072147 


139 


19 17 


34-950 


o-6i 


18 


16*09 


o-o8 


0-91 1 


0-5072568 


36 


9 


788 




552 


40 


0-5071 143 


138 


20 12 


33-420 


o'6i 


'9 


j6*j8 


0-08 


0*911 


0-5075940 


^5 


10 


793 




52' 


40 


0*5074540 


140 


21 10 


35 308 


0*61 


'7 


16-23 


o-o8 


0*911 


0*5071823 


36 


8 


795 




552 


40 


0*5070392 


Mean ...• 


0*5072056 


Time of Vibration of Mean Pendulum ... 


0*5072055 


3-4 February, 1906. | 


140 


6 6 


.35-3" 


+ 0-43 


18 


'5'93 


+ 0-0I 


0-912 


0-5071816 


- 25 


- 9 


- 781 




- 553 


-40 


0*5070408 


138 


7 6 


.33-42' 


0-43 


18 


»5'99 


0-01 


0*909 


0-5075940 


25 


9 


784 




520 


40 


0-5074562 


'.S9 


8 .^ 


.34-947 


043 


18 


'5-98 


o-oi 


0-911 


0-5072576 


25 


9 


783 


"2 


552 


40 


0*5071 167 


'37 


9 


34-497 


0'43 


16 


'5-98 


o-oi 


0911 


0-5073535 


25 


7 


783 




54' 
Mean 


40 


0*5072139 
0*5072069 


140 


18 8 


35-3'2 


+ o*45 


18 


'5'54 


+ 0-13 


0-914 


0*5071813 


- 25 


- 9 


- 76. 


% 


- 554 


-40 


0*5070424 


i.?8 


19 4 


33-425 


043 


'9 


15-68 


013 


0*913 


0-5075931 


25 


10 


768 


Wi 


522 


40 


05074566 


'39 


'9 59 


34-952 


o*43 


j8 


15*81 


0*13 


0-913 


0- 507 2563 


25 


9 


775 




553 


40 


0-507 1161 


'37 


20 55 


34-4991 


0-43 


16 


•5-89 


0-13 


0912 


o" 507353' 


25 


7 


779 




542 


40 


0-5072138 


Mean ... 


0-5072072 


Time of Vibration of Mean Pendulum ... 


0-5072071 


4-5 Februai7, 1906. | 


'.?9 


6 22 


34-952 


+ 0*72 


18 


'5-85 


+ 0-05 


0-912 


0-5072565 


- 42 


- 9 


- 777 




- 553 


-40 


05071144 


«.?7 


7 20 


34-489 


0*72 


16 


'5*97 


0-05 


0-91 1 


0*5073555 


42 


7 


783 




541 


40 


0*5072142 


140 


8 21 


.35 -.302 


0-72 


'7 


'5*94 


0-05 


0*912 


0*5071835 


42 


8 


'^V 


'% 


553 


40 


0*507041 I 


'38 


9 20 


33*420 


0-72 


'7 


i6-o6 


0.05 


0-911 


0-5075942 


42 


8 


787 




52' 
Mean 


40 


0-5074544 
0*5072060 


'.^9 


18 30 


34-945 


4* 0*72 


'9 


•5-87 


+ 0-II 


0*910 


0-5072580 


- 42 


— 10 


- 778 


■«3 



- 55' 


-40 


0*5071159 


i.?7 


19 26 


.34-49' 


072 


16 


•5-99 


o- II 


0*909 


o- 5073548 


42 


7 


784 


540 


40 


0-5072135 


140 


20 24 


35 301 


0-72 


21 


1610 


O-II 


0-909 


o- 507 1838 


42 


12 


789 




55' 


40 


0*5070404 


'38 


21 23 


33 425 


0-72 


16 16*19 


0" 


0*908 


o- 5075929 


42 


7 


793 




5'9 


40 


0-5074528 


MCRTI ,,. 1 


0-507 a 0!;6 


Time of Vibration of Me nn Feudal um . . . 


0^5072053 








Generikl Meftn .„ 


0-5072061 
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Table I. Details of the Observations — {Continued). 



'5 
1 


1 


.S a 

c3" 


1 


< 

a 

a 


Tempera- 
ture 


< 



(5 


Observed 

Time of 

Vibration 


Correction on account of 


Beduced 
Time of 
Vibration 







-Si 




1 

M 

5 


2 

< 


2 

t 
1 


bo 

►3 




2 




Montgomery. 




17-18 February, 1906. 


<37 

138 
140 


h m 

7 40 

8 39 

9 43 
10 44 


f 
34-592 
35 049 
33-5'9 
35'4i2 


# 

+ 039 

o*39 

0-39 

o'39 


t 

'7 
18 
18 
»7 


16 ^ 6 

l6*2^ 

16-31 

16-32 


+ o-o6 
06 
o*o6 
006 


0-922 
0-922 
0-922 
0920 

• 


8 

0*507333* 
0-5072360 

o-50757'5 
0-5071609 


- 23 
23 
23 
23 


- 8 
9 
9 

8 


- 792 
795 
799 
800 


4^ 


- 548 
559 

558 
Mean 


-4' 

4' 
41 
4* 


0-5071919 

0*5070933 
0*5074316 
05070179 

0507 1837 


'37 
»39 
138 
140 


'9 40 

20 44 

21 49 

22 55 


34*574 
35*048 
33-5'3 
35*406 


+ 039 
039 
o*39 
0*39 


18 

'7 
18 

'5 


16-49 
16-53 

16-58 

i6-6o 


+ 0-04 
0-04 
0'04 
0-04 


0-921 

0-919 
0-919 
0-919 


0*507.^370 
o- 5072362 

0-5075727 
0-5071621 


- 23 
23 
23 
23 


- 9 
8 

9 
6 


- 808 
810 
812 
813 





- 547 
557 
526 

557 


-4' 
41 
4' 
4' 


0-5071942 
0*5070923 
0-5074316 
0-5070181 




Mean ... 


o*507'84i 




Time of Vibration of Mean Pendulum ... 


0-5071839 




18-19 February, 1906. | 


140 
138 
139 
'37 


7 25 

8 28 

9 28 
10 30 


35*39' 
33*503 
35 042 

34-589 


+ 0-S7 
0*57 
o*57 
057 


'9 
'9 
'9 
'7 


1658 
16-56 

'6-49 
16-39 


— 0*07 
0-07 
0-07 
007 


0-918 
0-918 
0*918 
0*918 


05071652 
0*5075752 
0*5072377 
o- 50733.^8 


- 33 
33 

33 


-10 

10 

10 

8 


- 812 
811 
808 
803 


-2 
S* 


- 556 

525 

556 

545 

Mean 


-4' 
41 
41 
41 


0-5070200 
0*5074332 
0-5070929 
0-5071908 

0*5071842 


140 
138 
»39 
'37 


'9 4' 

20 42 

21 43 

22 43 


35-384 
33-489 
35*031 
34*567 


+ 0-S7 
o*57 
0-57 
0*57 


19 
16 
16 
16 


16-83 
1681 

'6*94 
17-01 


+ o-o8 
o-o8 
o-o8 
0-08 


0-917 
0-917 
0-917 
0-917 


0-5071665 
0-5075782 
5072398 
0*5073.^85 


- 33 
33 
33 
33 


-10 
7 

7 
7 


- 825 
824 
830 
833 


-fa 




- 556 

556 

545 


-4' 
4' 
41 
4' 


0-5070200 
0*5074352 
0-5070931 
0-507 1926 




Mean ... 


0-5071852 




Time of Vibration of Mean Pendulum ... 


0-5071847 




19-20 February, 1906. | 


«39 

'37 

MO 

'38 


7 34 

8 38 

9 40 
10 41 


35*027 
34*568 
35-392 
33*497 


+ 0-73 
0*73 
0-73 
0-73 


'9 

18 
'9 


16-73 
'6-73 
'6-58 
1656 


-0'o8 
o-o8 
o-o8 
0'08 


0-917 
0-918 

0-919 
0-919 


o- 507 2408 

0-5073.^82 
0-5071650 
0*5075763 


- 43 
43 
43 
43 


- 10 

8 

9 
10 


- 820 
820 
812 
811 


'2 

1 


- 5.'?6 

545 
557 
526 

Mean 


-4' 
4» 
4' 
4' 


0-5070938 
0-5071925 
0-5070188 
0*5074332 
0-5071846 


'39 
'37 

140 

'38 


'9 54 
20 54 
2« 54 
23 " 


35 024 

34-565 

35-380 

33-485 


+ 0-73 
0-73 
0-73 
0-73 


18 
'7 
'9 
22 


'695 
16-99 
17-0- 
17-06 


+ 0-05 

O'Of 

0-05 
0-05 


0-922 
0-922 
0-921 
0-921 


0-5072411 

0*5073.^90 
05071672 
0*5075792 


- 43 
43 
43 
43 


- 9 

8 

10 

'3 


- 831 
8.33 
837 
836 


1 


- 559 
548 
558 
527 


-4' 
41 
4' 
4' 


0*5070928 
0-5071917 
0-5070183 
0*5074332 




Mean ... 


0-5071840 




Time of Vibration of Mean Pendulum ... 


0-5071843 




General Mean ... 


0-5071843 




Dera Ghazi Khan. 




37-28 February, 1906. 


137 
•39 
'38 
140 


h m 

8 59 
'o 3 
" 5 


34-603 
35*063 
33*518 
35-412 


9 

- 4*86 

4*86 

4-86 

4*86 


/ 

'7 
18 
16 
22 


I4%6 
14-67 
'4*73 
14*80 




4-0-I0 

o-io 

o-io 

O-IO 


0-944 
0*943 
0-943 
0-943 


0-5073307 
0-507233' 

o-50757'8 
0*5071609 


+ 285 
285 

285 


- 8 

9 

7 

12 


- 709 
719 
722 

725 


1 

s- 

43 


- 56' 
571 
539 
57' 

Mean 


-59 
59 
59 
59 


0-5072255 
0-5071258 
0-5074676 
0-5070527 

0-5072179 


'37 
'39 
'38 
140 


20 9 

21 11 

22 14 

23 '3 


34-586 
35*043 
33-5" 
35-405 


- 4-86 
4-86 
4-86 
4-86 


18 
18 
19 
17 


15-04 
14-96 

'4-93 
'4-93 


—0-04 
0-04 
0-04 
0-04 


0*943 
0943 
0-941 
0-940 


0-5073345 
0-5072373 
0*5075735 
0-5071623 


+ 285 
38s 
285 
28s 


- 9 

9 

10 

8 


- 737 
733 
732 
732 


i 


57' 
B3S 

570 


58 
58 
58 


0-5073266 
0-5071 287 
0-5074682 
0-5070540 




Mean ... 


0-5072194 




Time of Vibration of Mean Pendnlnm ... 


0-5072186 



Table I. Details of the Observations — (Continued). 
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B 

a 



140 
138 
«39 
137 



140 
138 
'39 
137 









2 


Tempera- 


$* 


B 






< 

i 


ture 


< 


'^ 




I 


II 


1 


09 
S 


0) 


-^ 2 


*fl3 

j3 


ns 


CJ 


Q 


s 


^2 


g fc 


s 


02 






s 


a^ 


u* 


n 



Observed 

Time of 

Vibration 



Correction on account of 



5 



£ 




C4-1 




Eeduced 


•4^ 







£ 


Time of 


g 


bo 


^^ 


§ 


Vibration 





08 




H 




a 


hA 





(D 




^ 




p 







28 February — 1 March, 1906. 



h m 


# 


# 


* 





e 




7 59 


35-392 


- 411 


19 


"5->9 


+ 0*04 


0*939 


9 5 


33*501 


4-11 


18 


15-21 


0*04 


0939 


10 4 


35 034 


411 


18 


»5*25 


0*04 


0-938 


>* 3 


34* 567 


411 


'9 


15-31 


004 


0938 


20 2 


35-388 


- 4*11 


19 


15*13 


O'OO 


0*939 


21 2 


33 498 


411 


20 


15*11 


O'OO 


0939 


22 1 


35*034 


4*11 


18 


15*" 


O'OO 


0*939 


23 1 


34-569 


411 


18 


'5-13 


O'OO 


0-938 



9 
0-5071649 
0*5075755 
0-5072392 
0*5073385 


+ 241 
241 
241 
241 


-10 
9 
9 

10 


- 744 
745 
747 
750 


-2 
1 


" 569 
537 
568 

557 

Mean 


-57 
57 
57 
57 


©•5071656 
0*5075761 
0*5072392 
0*5073381 


+ 241 
241 
241 
241 


— 10 

II 

9 

9 


- 741 
740 
740 
741 


^ 


- 569 

537 
569 
557 


-57 
57 
57 
57 






Mean 


«.. 


Time of Vibration of Mean Pendulum 


... 



0*5070510 
0-5074648 
0-5071252 
0-5072252 

0*5072166 

0*5070520 
0*5074657 
0-5071258 
0*5072258 

0*5072173 

0*5072169 



1.^9 


7 55 


35-015 


- 3*93 


19 


15*56 


-0-02 


0*934 


137 


8 54 


34-550 


3*93 


18 


«5*57 


0*02 


o*934 


140 


9 54 


35*377 


3*93 


18 


15*53 


0-02 


0*935 


138 


10 52 


33*480 


3*93 


18 


15*53 


0-02 


o*935 


1.39 


20 7 


.^5011 


- 3*93 


19 


15*66 


— o-oi 


0*937 


"37 


21 8 


34*559 


3*93 


18 


15*62 


o-oi 


o*9?7 


140 


22 7 


35*572 


3*93 


18 


15*62 


O'Ol 


0*937 


138 


23 13 


33*487 


393 


18 


15*64 


O-OI 


o*937 



1-2 Mareli, 1906. 

0*5072430 
o* 5073422 
0*5071680 
0*5075803 



0-5072441 
0*5073402 
0-5071690 

0*5075787 



4-231 


— 10 


- 762 




- S66 


231 


9 


763 




5S5 


231 


9 


76, 


1 


S67 


231 


9 


761 


1 


535 
Mean 


+ 231 


— 10 


- 767 


1 


- 568 


23 » 


9 


76s 


Jz* 


55; 


231 


9 


76s 




568 


231 


9 


766 




536 



-57 
57 
57 
57 



Mean 

Time of Vibration of %Iean Pendulum 

General Mean 



0-5071 266 
05072269 

0-5070517 
0-5074672 

0-5072181 

0*507 I 270 
0-5-072245 
0-5070522 
0*507465© 

0*5072172 

0-5072176 

0-5072177 



Multan. 
7-8 March, 1906. 





I m 


# 


9 


* 










'37 


852 


.U*547 


- 1-68 


18 


16-91 


4- ©•03 


0-928 


«39 


9 5' 


35 '002 


1*68 


»9 


17-00 


0-03 


0*928 


138 


10 48 


33*462 


1-68 


19 


£7 03 


0*03 


0*927 


140 


II 46 


35*349 


1-68 


19 


1698 


0-03 


0927 


'37 


20 43 


34 536 


- 1*68 


20 


16-64 


+ 0-I2 


0*929 


139 


21 42 


34*999 


1*68 


19 


16-81 


0*12 


0-927 


1.^8 


22 41 


33*463 


1*68 


19 


16*92 


0*12 


0-927 


140 


23 42 


35*350 


1-68 


18 


17-00 


0*12 


0*9261 



9 
0-5073428 


+ 99 


- 9 


- 829 




- 551 


-44 


0*5072459 


99 


10 


833 




562 


44 


0*5075845 


99 


10 


834 


'S 


530 


44 


0*5071737 


99 


10 


832 


1 


562 
Mean 


44 


0*5073452 


+ 99 


— II 


- 81S 





- 552 


-44 


0*5072465 


99 


10 


824 




562 


44 


0-5075843 


99 


10 


829 




530 


44 


0-5071735 


99 


9 


^Si 




561 


44 






Mean 


... 


Tim< 


J of Vil 


}rati€ 


>nof M 


ean Pe 


adulum 


... 



0*5072094 
0-5071109 
0-5074536 
0-5070388 

0*507 2029 

0*50721 29 
0-5071 124 
0-5074529 
0*5070387 

0*5072042 
0-5072036 



140 


8 40 


35*330 


- 1-27 


20 


17*32 


+ o'o6 


0-922 


138 


9 39 


.«-438 


1-27 


19 


17*38 


o*o6 


0*921 


139 


10 36 


34 969 


1-27 


18 


17*43 


o*o6 


0-920 


137 


ii 36 


34-507 


1-27 


19 


17*50 


o-o6 


0*920 


140 


20 53 


35*3«» 


- 1-27 


20 


17-43 


4-0-08 


0-922 


138 


21 53 


33 429 


1*27 


'9 


17-51 


0*08 


0-922 


139 


22 55 


34 964 


1-27 


18 


'7*59 


0-08 


0922 


*37 


23 55 


34-502 


1-27 


'9 


17-65 


0-o8 


0-921 



8-9 March, 1906. 

0*5071777 

0*5075901 

o- 5072528 

0*5073513 



0-5071797 
0*5075921 

0*5072538 

0-5073525 



4- 75 


-II 


- 84<^ 




- 559 


75 


10 


852 




527 


75 


9 


854 


1 


558 


75 


10 


858 


546 








« 


Mean 


4- 75 


— II 


- 854 


^ 
^ 


- 559 


75 


10 


858 


527 


75 


9 


862 




559 


75 


10 


865 




547 



-44 
44 
44 



Mean 
Time of Vibration of Mean Pendulum 



0-5070389 
0*5074543 
0*5071138 

0*507213© 
0-5072050 

0-5070404 
0*5074557 
0-5071139 
0-5072134 

0-5072059. 

0-5072054^ 
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Table I. Details of the Observations -^{Contint^d). 






06 






.9 fl 



-2 

o 



Tempera- 
ture 






_^ o 



< 

«4-l 
O 



P 





Correction on account of 




Observed 







2 




CH 




Time of 


•4^ 




s 







? 


Vibration 


2 


"8 

f4 


tfi 


^^ 








<5 


s 


^ 


1^ 






6 








Q 





Beduced 
Time of 
Vibration 



9-10 March, 1906. 





il «i 


# 


9 


/ 


^0 


e 




'30 


« 53 


34-951 


- o*93 


20 


18M5 


— 002 


0-921 


137 


9 50 


34-484 


0-93 


20 


i8-o8 


0'02 


0-921 


140 


10 47 


35 304 


09.^ 


»9 


18-03 


002 


0-921 


'3» 


11 47 


33*425 


093 


18 


I8-I2 


0-02 


0*921 


139 


a" 5 


34 954 


- 0*93 


20 


17-72 


■I-O-09 


0-923 


137 


22 10 


34-490 


093 


18 


1783 


009 


0-922 


140 


23 6 


35*305 


093 


'9 


17-91 


009 


0-921 


i3« 


7 


33*417 


0*93 


>9 


17-98 


0-09 


0*920 



0-5072566 


+ 55 


-II 


- 889 




- 558 


0*50735^2 


55 


II 


886 




547 


0-5071830 


55 


10 


883 


"^ 


S58 


o" 5075930 


55 


9 


888 


1 


517 
Mean 


0-5072561 


+ 55 


-II 


- 868 





- SS9 


0*5073549 


55 


9 


874 




S^« 


0*5071830 


55 


10 


878 




S58 


0-5075949 


55 


10 


881 




526 



-44 
44 
44 
44 



Mfean 

Time of Vibration of Mean Pendolum 

General Mean 



0*5071 1 19 
0-5072129 
05070390 
o*50745'7 
05072039 

0-5071 134 
050721 29 
0*5070395 
0-5074543 

0-5072050 
0-5072045 
0-507204 5 



Jacobabad. 
15-16 March, 1906. 





;i m 


9 


« 


/ 










»37 


9 4 


34*355 


- 1*35 


18 


21-14 


— 0-04 


0-919 


139 


10 3 


34819 


1*35 


19 


21-16 


0*04 


0*918 


138 


II 


33*297 


1-35 


19 


2115 


0-04 


0-918 


140 


II 58 


35>72 


1*35 


18 


20-99 


004 


0-919 


>37 


21 3 


34-360 


- 1-35 


»9 


21 -06 


4-0-06 


0-921 


"39 


22 5 


34*814 


1-35 


20 


21-13 


o-o6 


0-919 


138 


23 5 


33*297 


1-35 


»9 


il-19 


0-06 


0-919 


140 


7 


35-168 


1*35 


18 


21-24 


0-06 


0-918 



9 
0-5073845 


+ 79 


- 9 


-1036 




- 546 


-53 


0-5072847 


79 


10 


1037 




556 


53 


0-5076227 


79 


10 


1036 


'2 


525 


53 


0-5072105 


79 


9 


1029 


1: 


557 
Mean 


53 


0-5073833 


•^ 79 


-10 


— 1032 


I 


- 547 


-53 


0-5072858 


79 


11 


1035 




557 


53 


05076228 


79 


10 


1038 




526 


53 


0-5073112 


79 


9 


104 1 




556 


53 


. 




Mean 


... 


Tim 


eof Vi 


brati 


onof ]M 


[eanPe 


ndulnm 


... 



0-5072280 
0-507 I 270 
0-5074682 
0-5070536 

0*5072192 

0-5072270 
0-507 I 28 I 
0-5074680 

05070532 
0-5072191 
0-5072191 

















i6.| 


140 


9 16 


35 •'64 


- o*99 


18 


31-36 


+ 0-04 


0-916 


138 


10 13 


33*29» 


0-99 


»9 


21-44 


0-04 


0-916 


139 


II 14 


34-810 


o*99 


19 


21-46 


0-04 


0-916 


137 


13 13 


34-345 


0-99 


•9 


21-47 


0-04 


0*916 


140 


21 «4 


35-136 


- 0-99 


18 


32-l6 


— o-oi 


0*915 


138 


22 23 


33-266 


0-99 


19 


22*15 


001 


0-915 


139 


23 26 


34*778 


o*99 


18 


23-14 


0*01 


o*9»5 


'37 


a 32 


34-325 


0-99 


18 


33-14 


0*01 


0-914 



17 March, 1906. 



0-5078I2I 
0-5076241 
o- 5072865 

0-5073867 


58 

^\ 
58 


- 9 
10 
10 
10 


-1047 
1051 
1052 
J052 


1 

flS 


- 555 
524 
555 
544 

Mean 


-53 
53 
53 
53 


0-5072179 
0-5076299 
0*5072932 
0-5073911 


+ 58 
58 
58 
S8 


- 9 
10 

9 
9 


-1086 
1085 
1085 
1085 





- 554 
523 
554 
543 


-53 
53 
53 






Mean 


... 


Tim 


eof Vi 


bratii 


)nof M 


ean Pe 


ndulnm 


... 



0-5070515 

0*5074661 
0*5071253 
0-5073366 

0-5073174 

0-5070535 
0-5074686 

0-5071349 
0*5073379 

6-507321 2 

0*5072193 



18 March, 1906. 



139 
137 
140 

138 



139 
137 
140 

'38 



9 7 34*775 


- 0-77 


33 


22-l8 


-0*05 


0-913 


10 3 34*324 


0-77 


17 


22-17 


005 


0-913 


»» 3 35-130 


o*77 


«9 


22-09 


0-05 


0-914 


13 I 


33*266 


0-77 


20 


33-07 


0-05 


0*914 


21 19 


34-785 


- 0-77 


»7 


31-73 


4-0-09 


0*917 


23 23 


34*3.?o 


077 


19 


31-83 


0*09 


0*917 


33 28 


,^5-133 


0-77 


'9 


21-92 


0*09 


0917 


3« 


^3-365 


p-77 


18 


23-01 


0*09 


0-916 



5073940 

50739 « 2 
5072192 
5076298 



0-5072917 

0*5073899 
0*5072186 
0-5076300 



•^ 45 


-13 


— 1087 




- 553 


45 


8 


1086 




542 


45 


10 


1082 


'2 


554 


45 


11 


1081 


'a 


523 








Meun 


+ 45 


- 8 


-1065 


1 


- 556 


45 


10 


1069 


545 


45 


10 


1074 




556 


45 


9 


1078 




524 



53 0-5071279 
53 05072268 
c? 0*5070538 
0-5074675 



53 
53 



-53 
53 
53 



Mean 

Time of Vibration of Mean Pendnlnm 

Oeneral Mean 



0-5073 190 

0-507 1 280 

0*5072267 

>- 0-5070538 

53 0-5074681 

0-5072192 

0-5072191 

0-5072192 



^Tt 



twg 
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B 

P4 









^ 


Tempera- 


a 


2,, 


s 


< 


ture 


H 
i--i 


I- 


^ 




•^ 


1^ 




.S p 

M 


-g 

^ 


OJ 


^0 
01 S 


-1 


n3 








i 


a 


ii 



u 



a 
P 



Observed 

Time of 

Vibration 



Correction on account of 






o 



a 



bo 
Hi 



o 

p 



Reduced 
Time of 
Vibration 



Sibi. 
31-32 March, 1906. 





h m 


f 


9 


/ 





• 




137 


10 2 


34* 296 


- 3*40 


20 


23-18 


+ 0-01 


0*902 


139 


li 3 


34*755 


3*40 


«9 


23*09 


0-01 


0*902 


I3« 


12 I 


33*240 


3-40 


19 


23*15 


o-oi 


0-901 


140 


12 58 


35 ''05 


3-40 


20 


^3'iS 


O'OI 


0*901 


'37 


2« 53 


34-300 


- 3*40 


19 


22-99 


+ 0-02 


0-903 


»39 


22 52 


34*755 


3 40 


»9 


2301 


002 


0*903 


i3» 


23 54 


33 244 


. 3*40 


18 


23-02 


0-02 


0-903 


140 


55 


35*105 


3 40 


20 


23 04 


0*02 


0-902 



S 
0-5073973 


+ 200 


-11 


-1136 




- 536 


-48 


0-5072981 


200 


10 


>i3i 




547 


4« 


0-5076360 


200 


10 


1134 




515 


48 


0-5072243 


200 


II 


"34 


1 


546 
Mean 


4« 


0-5073963 


+ 200 


-10 


-II27 



^ 


- 536 


-48 


o* 5072982 


200 


10 


1127 




547 


48 


0-5076350 


200 


9 


1128 




5*7 


48 


0*5072243 


200 


II 


1129 




547 


48 








Mean 


... 



0*5072442 

0*5071445 
05074853 
0*5070704 

0-5072361 

0-5072442 
0-5671450 
05074848 

0*5070708 

05072362 



23-23 March, 1906. 



140 


9 56 


3.'?*iM 


- 3-40 


19 


23-68 


+ 0-04 


0*903 


I3« 


'o 57 


33*249 


3-40 


'9 


22-73 


0-04 


0902 


».^9 


" 55 


34-761 


3*40 


20 


22-77 


0-04 


0*900 


137 


12 52 


34*301 


3 40 


20 


22-79 


0-04 


0899 


140 


22 5 


3S*>oo 


- 3-40 


18 


22-77 


+ 0-10 


0-902 


ii?8 


23 3 


33-236 


3-40 


'9 


22-90 


o-io 


0-900 


>39 


b 


34*746 


3-40 


18 


22-99 


o-io 


0-900 


'37 


« 3 


34*2«« 


3-40 


19 


2307 


0*10 


0-899 



0-5072223 


+ 200 


-10 


— III! 




- 547 


0-5076340 


200 


10 


III4 




5.6 


0-5072970 


200 


11 


III6 


ni 


545 


0-5073961 


200 


II 


HI7 


1 


534 
Mean 


0-5072252 


+ 200 


- 9 


-II16 


.^ 


- 547 


0-5076370 


200 


10 


1122 


^ 


5«5 


0-5073000 


200 


9 


1127 




545 


0-507399' 


200 


10 


1 130 




534 



-48 
48 
48 
48 



Mean 
Time of Vibration of Mean Pendulum 
(Mean of two sets) 



•5070707 
•5074852 
•507'450 
•507245 I 

•5072365 
•5070732 

•5074875 
•5071471 
5072469 

•5072387 
5072369 



139 


9 55 


34-748 


- 3-72 


«9 


33.79 


0"00 


0-899 


'37 


'o 54 


34*291 


3-72 


'9 


22-85 


o-oo 


0-899 


140 


ti 48 


35 095 


3-72 


19 


23-79 


0-00 


0899 


138 


12 47 


33232 


1-73 


19 


23-84 


o-oo 


0-899 


139 


33 3 


.H*747 


- 3-72 


18 


22-78 


+ 0-II 


0-902 


«37 


23 4 


34-288 


2-72 


18 


22-91 


o-ii 


0-902 


140 


5 


35-09' 


3-72 


18 


23-02 


o-ii 


0-902 


I3« 


I 5 


33-2301 


1-73 


19 


23-09 


O-II 


0-900 



33-34 March, 1906. 



0-5072998 

0*5073985 
0-5072266 

0-5076377 



0-5073999 

0-5073990 
0.5072273 
0-5076383 



+ 160 


— 10 


-1117 




- 545 


160 


10 


II30 




534 


160 


10 


III7 


•0 


545 


160 


10 


III9 


1 


5'4 
Mean 


+ 160 


- 9 


-II16 


t5 


- 547 


160 


9 


1133 


^ 


536 


160 


9 


1128 




547 


160 


10 


"31 




S'5 



-48 
48 
48 
48 



Mean 
Time of Vibration of Mean Pendulum 



0-5071438 
0-5072433 
0-5070706 
05074846 

0-5072356 



o*507'439 
0-5072434 
0-5070701 

0-5074839 

0-5072353 

0"5072355 



34-25 March, 1906. 



138 


9 3 


.13-239 


— 3-72 


18 


33-59 


+0-04 


0-903 


140 


9 59 


35 099 


3-72 


'9 


22-73 


0-04 


0-904 


137 


11 I 


34 290 


3-72 


18 


22-73 


0-04 


0-904 


»39 


11 58 


34-747 


3-72 


18 


33-72 


0-04 


0904 


138 


31 30 


.?3-235 


- 3-72 


18 


22-54 


+ OMS 


0-906 


140 


22 4' 


35-092 


3-72 


16 


22 74 


0-I5 


0*906 


'37 


23 27 


.H-287 


3-72 


'9 


22-84 


0-I5 


0-905 


139 


21 


34-738 


3-73 


'9 


22*96 


0-15 


0904 



0-5076361 


+ 160 


- 9 


— 1107 




- S«7 


0*5072257 


160 


10 


H14 




548 


0*5073986 


160 


9 


1H4 


'2 


537 


0-5072999 


160 


9 


'"3 


1 


S48 










Mean 


0-5076371 


+ 160 


- 9 


-1104 


4a 


- 5.8 


0-5072270 


160 


7 


1114 


549 


0-5073993 


160 


10 


1119 




S.l8 


0-5073017 


160 


10 


"25 




548 



-48 
48 
48 
48 



-48 
48 
48 
48 



Mean 



0-5074840 
0-5070697 
0-5072438 
0*5071441 

05072354 

0-5074852 
0-5070712 
0-5072438 
0-5071446 



Digitized by 



0-50723621 

~"\3oogle 
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Table L Details of the Observatiom — (ContifmedJ. 







,5 5 


1- 


2 


Tempera- 
ture 


»4 


Obeerved 


Correction on account of 


Reduced 




a ^ 


1 

1 




£ 




Cm 






15 


•5 ® 


^ 


02 


Ifl 


fc. 


Time of 




•4^ 




o 


S 


Time of 


g 




C 5 




;! 


u 


1^, 


9 
P 


Vibration 


o 


a 


I 


r 




Vibration 



>37 
»39 
138 
140 



»37 
»39 
>38 
140 

















25-26 




h m 


« 


9 


4 





n 




139 


9 4 


34 736 


- 272 


18 


22-51 


+ 0*03 


0-906 


137 


10 2 


34-282 


272 


18 


22 59 


003 


0-906 


140 


II 4 


3S'097 


272 


18 


22-6l 


0-03 


0906 


138 


»» 5 


35-2»9 


2-72 


20 


2i*6a 


003 


0-905 


'39 


21 14 


34-727 


- 2-72 


18 


21-98 


+ 006 


0-905 


137 


22 17 


34-271 


2-72 


»9 


23 08 


o*o6 


0905 


140 


23 16 


35-071 


2-72 


18 


23-14 


0*06, 0*905 1 


138 


iS 


33-2*4 


2*73 


»9 


2313 


o-o6i 


0-9041 



March, 1906. 



0*5073022 


+ 160 


" 9 


-1103 




- S4f> 


0-5074005 


»6o 


9 


1107 




538 


0*5072260 


160 


9 


• 108 


'2 


549- 


0*5076386 


*6o 


II 


1108 


1 


5*8 
Me»n 


0-5073042 


+ 160 


- 9 


-IJ26 


'A 


- 548 


0-5074029 


160 


10 


1131 




538 


0-5072315 


»6o 


9 


11^4 




548 


0*5076421 


160 


10 


»i33i 




'' 5^7 



-48 
48 
48 
48 



■"48 
48 
48 
48 



Mean 
Time of Yibrofcioii ol Mean Pendulum 
(Mean of three »eto> 

General Mean 



o-5«7»473 
05072463 
0*5070706 
0*5074861 

o-S»72376 

o*S07»47i 
0*5072462 
o-5<^70736 
0^5074873 
0-5072385 
0-5072364 

0-5072367 



h m 

9 32 

10 32 

1 1 30 

12 3» 



21 30 

22 3> 

23 32 
o 3» 



Mach. 
29-30 March, »9o6« 



8 

34-019 
34-469 
33-981 

34-812 


> 5-93 
593 
5*93 
5*93 


* 

19 
20 

>9 


17-18 
17-34 
17-42 
*7*43 


4-0^09 
0*09 
009 
0*09 


o-i^»8 

0*8^2« 

826 
0-826 


0-5074583 
0-507359^ 
0*5076970 
0*5072861 


-34» 

348 
348' 
348 


34-on 
34-461 
32-97* 
34-804 


+ 5^93 
5-93 
5-93 
5*93 


18 
18 

»9 
18 


»7-3» 
'7^34 
»7-33 
*7-33 


o-oo 
o-oi» 

0-00 

o-oo 


0-8*7 
0-827 
o-8»7 
0-825 


o» 5074602 
0-5073612 
0-5076991 
0-5072*78^ 


-348 
348 

34« 
348 



— 10 

II 
10 
10 



- 9- 
9 

liO 

9 



«42 
850 

^54 

854 



- 49* 

502 

472 
501 

Meftn 

- 491 
501 

473 
500 

Mean 

Time of Vibration of Mean Pendulum 



848 
S50 
849 
94^ 



1 



o 



-39 
39 
39 

39 



-39 
39 
39 
39 



0-5072^852 
0*507 1846 

0-5075247 
0507 »I09 

0-5072764 

0-5072867 
05071865 
0-5075272 
0-5071 »33 
0-5072784 
0-5072774 



140 


9 ^5 


34*804 


4- 6*24 


18 


17*35 


-0-07 


0*823 ' 


138 


10 26 


32-973 


6-24 


«^ 


17-41 


0-07 


0823 


'39 


II 24 


34*460 


6^24 


19 


^7-34 


0-07 


0-824 


137 


12 23 


34-016 


6-24 


It 


i7-»6 


0*07 


0824 


140 


21 3» 


34 -794 


+ 6-24 


i» 


*7'o6 


+ 0-05 


0'82S 


138 


22 33 


32-962 


6-24 


18 


17' 10 


0*05 


0825 


»39 


23 30 


34-449 


6-24 


19 


17-14 


005 


0-825 


«37 


34 


34'00» 


6-»4 


»9 


i7-ao 


0*05 


0-825 



30-31 March, 1906. 



0*5076988 
0-5073617 
0*5074589 



0*5072900 
O-50770H 
0-507364* 
0-5074625 



-^66 


- 9 


- 8;o 




- 499 


^66 


hO 


853 




471 


^66 


lO 


850 




409 


366 


*0 


841. 


489 








fit 


Metin 


-3«6 


- 9 


- 836 


1 


- 500 


366 


9 


8^8 


K 


472 


366 


10 


840 




500 


366 


to 


«43 




I 490 



■39 
39 
39 
39 



■39 
39 
39 
39 



Mean. 

^ime of Yibratiom of Mean Pendulum. 

G«neral Mean 



0-50711 15 
0*5075249 
0*507 '853 
0-5072-844 

0*507*765 



5071 150 
'5075287 
•5071886 
•5072877 

-5072800 

5072783 

•5072779 





h m 


9 


t 


^ 










«37 


9 57 


34*009 


+ 3*36 


19 


15*51 


0-00 


••773 


»39 


»o 57 


34*458 


3*36 


20 


*S-49' 


000 


••773 


138 


11 (;o 


32 967 


3-36 


20 


15-50 


O'OO 


0-^773 


140 


124* 


34-800 


3*36 


»9 


15^9 


0-00 


0-773 


'37 


21 49 


34*006 


+ 3"36 


'% 


*5*37 


4-0-19 


0^773 


139 


22 51 


34*457 


3*36 


18 


»5*55 


0-19 


0-772 


»38 


23 5» 


32 903 


3-3* 


'9 


«5*7' 


0-19 


0*772 


140 


49 


34-787 


3*36 


i» 


ly^ 


0-1^ 


••77* 



Quetta.^ 
3^4 April, 1906. 

9 

0-5074607 
0-5073622 
0-5077001 
0-5072885 



o- 50746*3 
0-5073622 
0*5077011 
0-5072915 



• 

r »97 


— 10 


- 7«o 




- 459 


: 197 


11 


759 




468 


197 


II 


760 


'2 


442 


197 


10 


759 




468 
Mean 


^ 197 


-10 


- 753 





- 459 


«97 


9 


762 




468 


197 


10 


770 




442 


f 197 


9 


78b 




468 



-43 

43 
43 
43 



-43 

43 
43 



M«an ^^ 



Timo of Tihration of Mean Ttendulam 



05073138 
0-5072144 
0-5075548 
0-5071408 

05073059 

o-5073^'5« 
0-5072143 
«^*S075549 
0-507 I4r8 

0-5073065 

0-6073062 
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'3 






08 

£ 



.9 fl 



I 
1 

I— I 



S 



Tempera- 
ture 









^ 



•g 

.-^ 

ss 

o 

p 



Obsenred 

Time of 
Vibration 



Correction on account of 



cS 

5 



2 

9 

S 

S 






Eeduced 

Time of 

Vibration 



4-5 April, 1906. 





h m 


t 


« 


/ 










140 

138 

«39 
137 


9 58 
10 56 

li 54 
12 5« 


34 780 
3«-947 
34*432 
33-985 


+ 3*86 
3-86 
386 
3-86 


"9 

20 

>9 
*9 


>5-99 

l6"02 

i6-oi 
16 '00 


O'OO 
O'OO 

0*00 
0*00 


0.770 
0.770 

0*769 
0769 


'40 
138 
'39 
137 


21 52 

22 54 

23 53 
54 


34*773 
32941 
34 426 
33-976 


+ 3-86 
3*86 
3-86 
3*86 


18 
19 
'9 
19 


i6*23 
16-27 
.6J7 


+ OMO 

o*io 
0*10 
0*10 


0*770 
0*770 
0-769 
0*769 



9 
0*5072929 


- 227 


— 10 


- 784 




- 467 


0-5077049 


227 


11 


7«S 




440 


0*5073678 


227 


10 


784 


\i 


466 


o- 5074661 


227 


10 


784 


1 

40 


457 










Mean 


0-5072945 


- 227 


- 9 


- 795 




'A 


- 467 


0-5077062 


227 


10 


797 




440 


o- 5073688 


227 


10 


802 




466 


0*5074680 


227 


10 


809 




457 



•43 
43 
43 
43 



-43 
43 
43 
43 



Mean 
Time of Yibraiion of Mean Pendolum 



0-5071398 
0*5075543 
0*5072148 
o-S073>40 

0*5073057 

0*5071404 

0-5075545 
0*5072 140 

0-5073134 
0*5073056 
0*9073057 



5-6 April, 1906. 



'39 


10 


20 


34-401 


+ 4-30 


19 


i6*77 


-o-o6 


0*767 


»37 


11 


18 


33-955 


4-30 


18 


16*77 


o*o6 


0*767 


140 


12 


12 


34*749 


430 


18 


16*70 


o*o6 


0*767 


138 


13 


11 


32*921 


4-30 


"9 


1660 


0*06 


0768 


«39 


22 


24 


34-395 


+ 4-30 


18 


16*90 


+ o*i6 


0*768 


»37 


23 


25 


33*950 


430 


19 


17*08 


o*i6 


0*767 


140 





24 


34*74i 


4-30 


19 


17-21 


o-j6 


0-366 


I3« 


I 


22 


32-907 


4-30 


19 


i7'38 


b'i6 


0:765 



0-5073745 


- 252 


— 10 


- 822 




- 46s 


0*5074728 


252 


9 


822 




456 


0*5072995 


252 


9 


818 


1 


46s 


0*5077110 


252 


>o 


«»3 


439 










Mean 


0*5073758 


- 252 


- 9 


- 828 


t 


- 46s 


0-5074740 


252 


10 


837 


tzi 


456 


0*5073011 


252 


10 


«43 




464 


o-5077'43 


252 


10 


852 




438 



■43 
43 
43 
43 



Mean 

Time of Vibration of Mean Pendulum 

General Mean 



S072»S3 
5073146 
5071408 
5075553 
5073065 

5072161 
5073142 
5071399 
5075548 

5073063 

5073064 

. 0*5073061 



-43 
43 
43 
43 



Dehra T^xxn— (Pendulum room), 
2i.2t April, 1906. 





h m 


9 


• 


/ 









«37 


II 56 


33 708 


+ 14*7^ 


«7 


26*03 


-O'ls 


0837 


139 


12 56 


34-15* 


14-76 


17 


25 83 


0*15 


0*838 


138 


i3 55 


32*693 


14*7^ 


18 


25*7» 


oiS 


0838 


140 


14 56 


34-500 


14-76 


17 


25*57 


o-iS 


0*839 


137 


23 59 


33*708 


+ 14*76 


16 


»5*8i 


+ 0M2 


0-835 


139 


59 


34-150 


14*76 


19 


25*97 


0-12 


0834 


138 


2 


32687 


14-76 


16 


26 08 


0-I2 


0*834 


140 


3 


34*483 


14*76 


17 


26*17 


0*12 


o»33 



9 


• 










0*5075283 


- 866 


- 8 


-1275 




- 497 


o- 5074290 


866 


8 


1266 


^^ 


508 


0-5077656 


866 


9 


4260 


'^ 


479 


0-5073530 


866 


8 


1253 


1 

m 
4» 


508 
Mean 


0-5075283 


- 866 


- 7 


—1265 


ll 


- 496 


05074292 


866 


10 


1273 




505 


0*5077672 


866 


7 


1278 




477 


0*5073568 


866 


8 


1281I 




50s 



-39 

39 
39 
39 



-39 
39 
39 
39 



Mean 
Time of Yibration of Mean Pendulum 



0^5072598 
0*5071603 
0*5075003 
0*5070856 

0-5072515 
0*50726 10 

0*5071599 

0*5075005 
0*5070868 

0-5072521 

0*5072518 



22-23 April, 1906. 



140 


»« 52 


34-473 


•frs'io 


17 


26*18 


-o-o^ 


0*836 


138 


12 52 


32*679 


15 10 


18 


**'**2* 


0*09 


0837 


139 


13 51 


34* 143 


15-10 


16 


25*88 


0*09 


0837 


»37 


14 51 


33*707 


15-10 


17 


25*85 


0-09 


0-835 


140 


13 


34-484 


+ 15*10 


17 


26*03 


+ 0*11 


0*834 


138 


I 12 


3a-682 


15-10 


17 


26-18 


0*11 


0834 


«39 


2 13 


34-140 


1510 


17 


26-29 


o-ii 


o*»34 


137 


3 i» 


33-695] 


15*10 


18 


^^•37 


O-ii 


0-832 



0-5073587 
0-5077691 
0-5074309 
0*5075286 


- 886 
886 
886 
886 


- 8 
9 
7 
8 


-1283 
1270 
1268 
1267 


1 


- 507 
479 

496 
Mean 


-39 
39 
39 
39 


0-5073563 
0*5077683 
0*5074316 
0-5075312 


- 886 
886 
886 
886 


- 8 
8 
8 
9 


-1275 
1283 
1288 
1292 


1 


- 505 
477 
505 
494 


-39 
39 
39 
39 






Mean 


••• 


Time 


of Vib 


ratioi 


a of M 


ean Pei 


3dulum 


... 



•5070864 
•5075008 
'5071602 

•5072590 

•5072516 

•5070850 
-5074990 
•5071590 
•5072592 

•5072506 

5072 511 
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Table I. Details of the OhservafioiU'— {Continued). 





1 


|i 


1 




2 
< 

a 


Tempera- 
ture 


■5 


Observed 


Correctioii on account of 


Beduced 




h 







■♦a 




M^ 




3 
mi 


1 

OQ 


"2 *4 

•s ® 


M 






-. 


§ 
P 


Time of 











2 


Time of 


1 


•So 

a" 








S 
1^ 


il 




-^2 

1" 


Vibration 





s 

< 


1 


I 


n 


1 

PR 


Vibration 








23*34 April, 1906. 




1 




im 


t 


# 




/ 










B 












f ' 


»39 


12 9 


34- 128 


+ IS- 


10 


17 


26*53 


-0*16 


0-833 


0-5074343 


- 886 


- 8 


-1299 




- 505 


-39 


0-5071606 


i37 


13 9 


33-688 


15- 


10 


16 


26-40 


0-.6 


0-833 


0-5075328 


886 


7 


1294 




495 


39 


0*5072607 


140 


14 9 


34-468 


>s- 


10 


18 


26-20 


0*16 


0*834 


0-5073598 


886 


9 


1284 


"2 


505 


39 


0-5070875 


138 


'5 8 


32*676 


15- 


10 


17 


26*10 


0*16 


0-834 


5077697 


886 


8 


1279 




477 
Mean 


39 


0-5075008 
0-5072524 


139 


14 


34-140 


+ 15- 


10 


^1 


26*15 


+ 0*14 


0-834 


0- 507431 6 


- 886 


- 8 


-1281 





- 505 


^.39 


o-507«S97 


'37 


I 13 


33 699 


'5' 


10 


18 


26-29 


014 


0834 


0-5075303 


886 


9 


1288 




495 


39 


0-5072586 


140 


3 7 


34*477 


'5* 


10 


18 


26-43 


014 


0*832 


0-5073578 


886 


9 


1295 




504 


39 


0-5070845 


138 


3 13 


33-676 


IS- 


10 


17 


26SS 


0-14 


0*832 


0*5077697 


886 


8 


1301 




476 


39 


0-5074987 












Mean ... 


0*5072504 








Time of Vibration of Mean Pendulum ... 


0-5072514 

• 








34-35 April, 1906. 




1 


138 


13 II 


33 661 


+ '5- 


27 


17 


26*85 


-0-05 


0-832 


0-5077735 


- 896 


- 8 


-1316 




- 476 


-39 


0-5075000 


140 


13 la 


34-455 


>5- 


27 


16 


26*81 


0*05 


0834 


0-5073627 


896 


7 


I3i4 




505 


39 


0-5070866 


137 


14 8 


33-676 


'5- 


37 


17 


26*77 


005 


0*832 


0-5075356 


8q6 


8 


1312 


'O 


494 


39 


0-5072607 


'39 


IS 6 


34-i»3 


'5- 


37 


17 


26 69 


0*05 


0-833 


0-5074353 


896 


8 


1308 


1 


505 
Mean 


39 


o-507'597 
0-5072517 


138 


17 


32-661 


+ '5- 


37 


16 


26*68 


+ o*o8 


0-833 


0-5077736 


- 896 


- 7 


-1307 


-s 


- 476 


-39 


0-5075011 


140 


I 20 


34-460 


15- 


27 


17 


26.80 


o-o8 


0832 


0*5073617 


896 


8 


"3'3 


» 


504 


39 


0-5070857 


'37 


3 18 


33-680 


'5* 


27 


n 


26-86 


o*o8 


0832 


0-5075347 


896 


8 


I3»6 




494 


39 


0-5072594 


139 


3 '6 


34-"i7 


IS* 


27 


18 


26*93 


o*o8 


0832 


05074367 


896 


9 


I3'9 




504 


39 


0*5071600 












Mean ... 


0-5072516 








Timo of Vibration of lH 


[eanPe 


ndulum ... 


0-5072516 










General Mean ... 


05072515 
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TIME OF VIBRATION AT DEHRA DUN. 



In Table II the times of vibration of each pendulum in November and April respectively 
.are coUected. 



Table IL— Times of Vibration at Dehra Dun. 



Date 


187 


138 


189 


140 


Mean 


KoT. 12-lS 
13-U 

„ I4r-15 


9 

0-5072577 
2577 
2596 


November 

9 

0-5074989 
4981 
5001 


1905. 

8 
0*5071600 
"590 
1603 


9 
0*5070856 
0849 
0857 


9 
0*5072505 
2499 
2514 


Mean 


0*5072583 


0-5074990 


0*5071598 


0*5070854 


05072506 


April 21—22 
„ 22-2S 
„ 23—24 
n 24r-25 


0*5072604 
2591 


April 19 

tf* 5075004 
4999 
4997 
5005 


06. 

0*5071601 
1596 
1602 
1598 


0*5070862 

0857 
0860 
0862 


0*5072518 
2511 
2514 
2516 


Mean 


0*5072598 


0*5075001 


0*5071599 


0*5070860 


0-5072515 


Change, April-NoT. 


• 
+ 'S 


+ II 


+ I 


+ 6 


+ 9 



The agreement between the November and April values is more satisfactory than in the 
preceding season ; it will nevertheless be desirable to examine the differences between the indivi- 
dual pendulums and the mean pendulum in the same way as was done in Table III of Chap. III. 

These differences are shewn in Table III for each set^ and in Table IV the means for each 
station are given. 
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Table IlI.-^Differeneet between Individual Pendulums and Mean Pendulum. 



Station 


Date 


187 


T 


138 


▼ 


189 


V 


140 


V 


Dehra Dun 


1905-06 
Nov. 12-13 
» 18-14 
„ 14-16 


- 7* 

78 
82 


+ 7 
- 3 


- ^484 
2482 
2487 


+ 4 


+ 90s 
909 
911 


- 6 

2 



+ 1649 
1650 
"657 


- 6 

5 
+ 2 


Simla 


Dec. 15-16 
„ 16-17 
„ 17-18 


78 
78 


+ S 

I 
] 


3487 
2488 
2490- 


+ 1 


906 
908 
909 


- S 

3 

2 


'655 
«6S7 
1659 



•»• a 

4 


Kilka 


Dec. 22-28 


81 


— 2 


«SOO 


- 12 


935 


+ 14 


1656 


+ I 


LndhiAna ... 


Dec. 80-31 

,, 81 -Jan. 1 
Jan. 2- 8 

„ 8-4 


81 
69 
77 
67 


— 2 

+ 10 

2 

12 


2489 

«49S 
2489 
2491 




908 
907 
904 
905 


- 3 

4 
7 
6 


1662 
^653 


+ 7 

I 

7 

— 2 


Mian Mif 


Jan. lO-U 
„ 11-12 
„ 1213 


66 
81 
77 


+ 13 
- 2 
+ 2 


3495 
2489 

3494 


— 7 


908 
007 
909 


- 3 
4 
2 


1654 
1664 
1661 


— I 

* t 


Ferozepore ... 


Jan. 17-18 
„ 18-19 
„ 20-21 


68 
78 

77 


-1- II 
I 
2 


3497 
2488 
2490 


— 9 


912 
909 
907 


+ 1 
— 2 

4 


1652 

1657 
1660 


- 3 
-1- 2 

5 


Path&nkot 


Feb. 2- 8 
„ 8-4 
„ 4-5 


82 
68 
81 


- 3 
+ II 

— 2 


2484 

3493 
2478 


-*- 4 
+ 10 


914 
907 
907 


^■ 3 

- 4 
4 


1651 

1655 
1650 


- 4 



- 5 


liontgomery 


Feb. 17-18 
„ 18-19 
.. 1920 


92 
70 
78 


- 13 

+ 9 

1 


3477 
3495 
2489 


+ II 


911 

9'7 
^0 



-H 6 
— I 


«659 
1647 
•657 


+ 4 
- 8 
-1- 2 


Dera Ghizi Khan 


Feb. 27-28 

„ 28-Mar.l 
Mar. 1- 2 


II 

81 


+ 4 

- 7 

2 


3493 
3484 
3485 


+ 4 


9»4 
914 

908 


+ 3 

3 

- 3 


1652 

1654 
1656 


- 3 

I 
4- 1 


Mult&n 


Mar. 7- 8 
„ 8-9 
„ 9-10 


76 


+ 3 

1 

- 5 


2491 
2496 
3485 


- 3 
8 

+ 3 


919 

9.8 


+ 8 

4 
7 


1649 
1658 

1653 


- 6 

+ 3 

— 2 


Jacobabad 


Mar. 15-16 
„ 16-17 
.. 17-18 


84 
80 
77 


- S 

I 

+ 2 


2490 
2480 
2487 


- 2 

Hi 8 

I 


9«5 
893 
912 


+ 4 
- 19 

-1- 1 


1657 
1668 

1653 


4- 2 

«3 

— 2 


Sibi 


Mar. 21-22 
„ 22-23 
„ 28-24 
„ ^4-26 
„ 25-26 


80 
84 
79 
80 

82 


— I 

5 


— I 
3 


3489 
2488 
2488 
2488 
2486 


- 1 





-I- » 


914 

915 
916 

914 
909 


+ 3 
4 
5 
3 

— 2 


1656 
1656 
1651 
1653 
1660 


+ I 

I 

- 4 

2 

+ S 


Hach 


Mar. 29-30 
„ 80-31 


86 

78 


- 7 

+ I 


3485 
3485 


+ 3 
3 


918 
914 


+ 7 
3 


"653 
1650 


^ a 
5 


Quetta 


Ap. 8- 4 
« 4-6 
„ 5-6 


83 
80 
80 


- 4 
I 
1 


' 2486 

3487 
3487 


4- 2 

I 
I 


918 
9«3 
907 


+ 7 

2 

^ 4 


1649 
1656 
1661 


- 6 
-t^ 1 

6 


Dehra Dun 


Ap. 21-22 
.. 22-23 
„ 2824 
„ 24-26 


86 
80 
83 
85 


- 7 

1 

4 
6 


2486 
2488 
3483 
2489 


+ 2 



+ 5 

— I 


917 

91S 
912 
918 


+ 6 

4 

I 

7 


1656 
I6S4 
1654 
1654 


+ I 

- 1 

I 
I 


Mean 


79 




2488 


... 


911 


... 


1655 


... 
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Table IV.-^Differences between Indimdttal Pendulums and Mean Pendulum. 



SUtion 


Date 


137 


▼ 


138 


T 


189 


▼ 


140 


▼ 


Dehn Dun 


1905-06 
Not. 1216 


- 77 


+ a 


- «484 


+ 4 


+ 908 


- 4 


+ 1652 


- 3 


Simla 


Deo. 15-18 


• 77 




2488 





908 




1^57 


+ 2 


Kfilka 


„ 22-28 


8i 


- 2 


2500 


-^ 12 


9»5 


+ 13 


1656 




Lndhiina 


„ 80-Jan. 4 


73 


+ 6 


2491 


3 


906 


- 6 


1659 




Mian Mir 


Jan. 10-18 


75 




^493 


5 


908 




1659 




• 


.. 17-21 


75 




2492 


4 


909 




1656 




Fathinkot 


Feb. 2- 6 


77 




2485 


+ 3 


909 




1652 


- 3 


Montgomory 


H 17-«) 


8o 


- 1 


2487 


X 


913 


+ I 


1^54 




Dera Gh£a Khan 


„ 27-Mar. 2 


8i 




2487 


I 


912 




1^54 




Mult&n 


March 7-10 


79 




2491 


- 3 


917 


^ 5 


1653 




Jaoobabtd 


„ 15-18 


8o 




«485 


+ 3 


907 


- s 


1660 


+ 5 


Sibi 


„ 21-26 


8i 




2488 





915 


+ 3 


«65S 




Maoh 


„ 29.81 


8a 




2484 


+ 4 


916 




1652 


- 3 


Quetta 


AprU 8- 6 


8i 




3487 


1 


9»3 


4- I 


1655 




Dehra Dnn 


„ 21-25 


83 




2486 


2 


916 


+ 4 


'65s 





Mean 


79 


... 


2488 


••• 


912 


... 


1655 


i.» 
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There is no evidence of any pendulum having changed its length appreciably with reference 
to the mean^ and a simple mean of the times of vibration at Dehra Dun^ in November and April 
respectively^ will be used for the deduction of g. 

In the following table the times of vibration of each pendulum and of the mean pendulum 
are shewn^ together with the differences from Dehra Dun and the resulting values of g. The value 
of g at Dehra Dun has been taken to be 979*063. 

Table V. — Mean Times of Vibration and Deduced Values of g. 



Station 


187 


138 


139 


140 


Mean 


Dehra Dun «. 


0*5072591 


o- 5074996 


0-5071599 


0-5070857 


0-5072511 


Simla 

9' 


0- 5073* 65 

+ 574 

978- 84* 


0-5075576 

+ 580 

978 839 


0*5072180 

+ 581 

978 838 


0-5071431 

+ 574 
978-841 


0-5073088 

•*■ 577 
978-840 


E£lka 

9- 


o-5o7a373 

- 218 

979- 147 


0-507479* 

- 204 

979*141 


0*5071367 

- 232 

979152 


0*5070636 

-. 221 

979- 149 


0*5072292 

- 219 

979-147 


Ludhiina 

9- 


0*5072038 

- 553 

979277 


0-5074456 

- 540 

979271 


o-507<o59 

- 540 

979*271 


0*5070306 
979-276 


0-5071965 

- 546 

979-274 


Mian Mir 


0*5071756 

- 835 

979-384 


0*5074174 

- 822 
979 380 


0-5070773 

- 826 

979382 


0*5070022 

- 83s 

979-385 


0*5071681 

- 830 

979383 


9, 

9- 


0*5071866 

- 725 

979*343 


0-5074283 

- 7'3 

979 338 


0-5070882 

- 717 

979*340 


0-5070135 
- 722 

979 342 


0*5071791 

- 720 

979-341 


Pathinkot 

9- 


0-5072138 

- 453 

979* 238 


0-5074546 

- 4SO 

979-236 


0*5071152 

- 447 

979- 235 


0*5070409 

- 448 

979*236 


0*5072061 

- 450 

979-237 


8, 

Montgomery 

9- 


0-5671923 

- 668 

979321 


0-5074330 

- 666 

979*320 


0-5070930 

- 669 

979321 


0*5070189 

- 668 

979321 


0*5071843 

- 668 

979-321 


Dera Gh&Ei Khan 


0*5072258 

- SS3 
979*191 


0*5074664 

- 332 
979*191 


. 0-5071265 

- 334 
979*192 


0*5070523 

- 334 

979*192 


0-5072177 

- 334 

979*192 


Multin 

9- 


0*5072124 

- 467 

979 •»44 


0-5074536 

- 460 

979*240 


0*5071128 

- 471 

979*245 


0*5070392 

- 46s 

979*242 


0-5072045 
- 466 

979-243 


9. 

9' 


0*5072272 

- 3'9 
979* 186 


0-5074677 

- 3«9 

979-186 


0*5071285 

- 314 

979* 184 


0-5070532 

979*188 


0*5072192 

- 3«9 
979 •»86 


Sibi 

9* 


0*5072448 * 

- 143 
979118 


0-5074855 

- 141 

979*117 


0-5071452 

- 147 
979*119 


0-5070712 

- 145 
979*119 


0*5072367 

- 144 
979*119 


Mach 

9- 


0*5072861 

+ 270 

978 959 


0-5075263 
+ 267 

978 959 


0-5071863 

+ 264 

978*961 


0*5071127 

+ 270 

978-959 


0-5072779 

•f 268 

978-960 


t. 
QaetU 

9- 


o"S073>4» 
+ 55« 

978-851 


0-5075548 
978 850 


0*5072148 

+ 549 
978-851 


0*5071406 

+ 549 
978-851 


0*5073061 

+ 550 

978-851 
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The Reduction to Sea-leueh 

Oro^aphical corrections were required for six of the stations of this season^ namely for 
Simla^ K&lksL, Pathdnkot^ Sibi^ Mach and Quetta. A different method of analysing the masses 
lying in the several zones iras employed this year. Hitherto the zones have been cnt up into 
more or less namerons compartments or blocks and an estimate has been made of th» mean 
height of each blocks that is to say of the height it would have if it were levelled. 

By this process it was frequently necessary to imagine tremendons changes of level to tak6 
place^ for a block mighty and often did^ contain both a lofty peak and a deep valley ; I have shewn 
in Chapter II that all such imaginary levellings introduce error, and it was to avoid large opera- 
tions of this kind that I altered the method. 

Movements of masses in azimuth have^ as has been pointed out^ no effect on the vertical 
component of their attraction ; if therefore a zone be divided up by contours and we measure 
the area^ of all parts lying between the different pairs oE contoui^s, we shall be able to ascertain 
what fraction of the whole zone lies for instance^ between 100 feet and 200 feet^ 200 feet and 800 
feet etc. etc. above or below the pendulum station. In this way we can collect areas of similar 
height in a more efficient way than by grouping blocks together as has been done hitherto. In 
fact by this method the zone is broken up into its component parts along natural lines, instead 
of by means of arbitrarily drawn radiL 

It may be said that this plan can only be followed if contoured maps are available, but even 
if only hUl-shaded maps can be had it is not more difficult to draw in approximate contours, at 
wide intervals, by eye than it is to estimate the mean heights of blocks; indeed in complicated 
country it is generally necessary to put in some contour lines before any estimate can be made. 
The new method has also a practical advantage in that by it only a limited number of different 
heights in each zone have to be dealt with : by the former method each block was likely to have 
a different height, so that in order to curtail the computation it was necessary to adopt some 
expedient involving a loss of accuracy. The advantage gained will be seen by comparing the 
tables of this year's computations with those of Chapter II. 

\ Several methods of measuring the areas were tried, the one which I found most satisfactory 
was to draw radial lines at 5^ intervals and then measure the total length of line intercepted 
between each pair of contours; in complicated country it proved very advantageous to draw the 
contours in different coloured inks so that each was instantly recognisable. 

The intervals at which the contours should be drawn depend firstly on the distance ol 
the area under consideration from the station. Up to half a mile 100 feet contotrrs- are desirable, 
thence up to 1 mile 200 feet, from 1 to 5 miles 500 feet, from 5 to 10 miles 1000 feet and from 
10 miles to 35 miles 2000 feet. But this general rule may be modified according to the nature 
of the country and the kind of ms^p that is available. In hilly country I like to have a special 
map on a scale ol 12 inches to 1 mile for the immediate surroundings, that is to say up to a 
radium of about half a nrrle, a 4-inch ta a mile nrap np to^ 2 miles, a I'^inch map to^ I^ miles anci 
thence a quarter-inch map, bat it is very seldom that all these are obtainable. 

The following tables contain the details of alT the stafioAs CWsid^retf. HJffi^ftd the' dMfer- 
rences between the heights of the compartments and that of the station have been given in the 
tables, but I have preferred in this chapter to give the actual heights of the parts into which the 
zones have been divided. 
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Table VI. — Orographical Correction at Simla. 
Eeight 7043 feet. 



No. of Zone 


1 


2 


3 


4 


5 


6 


7 


Inner radius 
Outer radius 


100 feet 
200 „ 


200 feet 
400 „ 


400 feet 
600 „ 


600 feet 
1000,, 


1000 feet 
1600 „ 


1500 feet 
2000 „ 


2000 feet 
2640 „ 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


6950 














0-028 


6050 














•054 


6160 












0023 


•117 


6250 








' 




•100 


•130 


6350 










0*129 


*I22 


•087 


6450 








0*027 


•183 


•098 


•079 


6550 








•184 


•118 


•131 


•092 


6650 






o'loa 


•352 


•136 


•no 


•071 


6750 




0-036 


•377 


•M7 


•151 


•137 


•132 


6850 




•146 


•260 


•097^ 


•III 


•078 


•077 


6950 




•597 


•*32 


•149 


•097 


•095 


•050 


6980 


o'6o 














7000 




•044 


•039 


•044 








7080 


•40 


•077 






•056 


•050 


•041 


7100 












- 




7150 










•019 


'03S 


•028 


7200 












•021 


-014 


Effect 


S'9 • 


166 


19.9 


34-4 


28-0 


183 


31*3 
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Table Vl.—Orographieal Correction at /S'«»;<f— (Contmued)'. 

Seight 7043 feet. 



I No. of Zone 


8 


9 


10 


11 


12 


13 


14 


Inner radius^ 
Outer radius 


imile 


imile 
1 „ 


1 mile 


li miles 
2 „ 


2 miles 
8 „ 


3 miles 

4 „ 


4 miles 
6 „ 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
4250 




• 








" 


o'ls 


4750 








0'02 


0-05 


0*20 


•18 


6250 






o'i3 


•09 


•22 


•24 


•18 


5750 


OM4 


0*26 


•33 


•20 


.32 


•28 


•17 


6250 


•44 


•38 


•22 


•26 


■30 


•19 


•12 


6750 


•36 


•27 


•23 


•29 


•OS 


•OS 


•06 


7250 


•06 


•09 


•14 


•14 


•06 


•03 


•09 


7750 






•OS 






•01 


'05 


Effect 


30-9 


2I-0 


30- 2 


14-1 


265 


192 


147 


No. of Zone 


15 


16 


No. of Zone 


17 


18 


19 


20 


Inner radius 
Outer radius 


5 miles 
T „ 


7 miles 
10 „ 


Inner radius 
Outer radiufl 


10 miles 
15 „ 


15 miles 
20 „ 


20 mUes 
25 „ 


25 miles 
85 „ 


Height 


Fraction 


Fraction 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
2500 




0*04 


feet 
1000 








0*02 


8500 


o"o6 


•19 


2000 


o*i6 


0*12 


026 


•39 


4500 


\?8 


•30 


4000 


•S4 


•44 


•28 


•16 


5500 


.30 . 


•19 


6000 


•24 


•34 


•19 


•21 


6500 


•IS 


•18 


8000 


•06 


•10 


•22 


•18 


7500 


•08 


•08 


10000 






•05 


•04 


8500 


•03 


•02 












Effect 


31*1 


22-6 


Effect 


28-6 


II-9 


9*4 


.3-. 



Total effect of zones up to a radius of 35 miles s= 407*7 
Attraction ... s 407*7 x 0-000085 s 0'0143' 
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For the region lying beyond the SS-mile radios we may assume that half is at a constant 
leyel o{ 1000 feet^ and that the other half may be divided into 3 portions^ namely a quadrant 
from north to east at an elevation of 10000 teet^ a sector from north to 60^ west of north at 
0000 feet and a sector from east to 30^ south of east also at 6000 feet. 

The difference between the attraction of these masses and that of the infinite plain at the 
height of the station^ outside the 85 -mile radius^ is 

0-000085 ( 35 x^28o )' * {^OOO* x 4 + 8000» x i + 1000* x i| 

s 0-00194 
The total orographical correction is therefore 

0-0148 + 0-0019 = 0-0162. 



Table VIL — Orographical Correction at Kdlka. 
Seight 2202 feet. 



No of Zone 


1 


2 8 


No. of Zone 


4 


5 


6 


7 


loner Badius 
OutM Badius 


1500 feet 
2000 „ 


2000 feet 
2640 ^ 


imile 


Inner Badius 
Outer Badius 


imile 
1 •. 


1 mile 

2 miles 


2 miles 


8 miles 


Height 


Fraction 


Fraetiau 


Fraction 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


f^ 








1760 






0-38 


0-44 










1950 


O^OI 
















2000 


•01 


05^ 






8900 


0-75 


<^'r5 


^►•75 


2200 


•^ 




•09 


.07 


2400 


•as 




•13 


2850 


•03 


•13 


•II 


■®4 


2625 




'H 




2450 


•la 








2700 






•13 


2550 


•09 
















2660 


•07 
















2750 




•ai 


'09 


•06 










8500 


. 


'07 


•as 


•'7 










4500 






•08 


•15 








. 


5500 






. 


•®7 


Effoot 


0-7S 


1*50 


aji 


BffOQt 


099 


9-9a 


15-19 


14*86 
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Table TIL — Orographical Correction at Kdlka — (Continued). 

Height 2802 feet. 



No. of Zone 


8 


9 


10 


No. of Zone 


11 


12 


13 


14> 


Inner Kadius 
Outer SadiuB 


4> miles 
5 „ 


5 miles 

7 „ 


7 miles 
10 „ 


Inner Kadius 
Outer Eadius 


10 miles 
15 „ 


15 miles 
20 „ 


20 mills 
25 „ 


25 miles 
35 „ 


Height 


Fraction 


JS^action 


Fraction 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
1400 




0*19 


0-27 


feet 
900 


o'i6 


0-28 


0-32 


0-38 


1800 


038 


•31 


•21 


1200 


•27 


•17 


•14 


•II 


2200 


•17 


•03 


•OS 


1800 


'OS 


•03 


•OS 


•06 


2800 


•05 


•07 


•09 


2600 


•09 


•12 


•09 


•10 


3500 


•19 


•16 


•16 


4000 


••13 


'S3 


'21 


•17 


4500 


•IS 


•20 


•'S 


6000 


•10 


•07 


•17 


•10 


6500 


•06 


•04 


•07 


8000 






•02 


•07 










. 10000 






'4 


•01 


Efteet 


8-8 


io'7 


8-4 


Effect 


96 


4-4 


4-3 


60 



Total effect of zones within 35 -mile radius =97-7 
Attraction = 97-7 x 0- 000035 = 0-0034 

The outer zones may be divided into four sectors : — 
Sector Angle Height 








feet. 


1. 


220 


1000 


2. 


20 


4000 


8. 


90 


7000 


4. 


80 


4000 



The addition to the orographical correction on their account amounts to 
The total orographical correction is therefore 0*0034 + 00007 s 



00007. 
00041. 
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Table VIIL—Orogrt^kieal Cforreetion at Paihdnkot. 
Seight 1088 feet 



No. of Zone 


1 


2 


8 


4 


5 e 1 


Inner Badius 
Outer Badius 


8 miles 
12 „ 


12 miles 
16 „ 


16 miles 
20 « 


20 miles 
25 „ 


25 miles 
30' „ 


aO mites 
85 „ 


Height 


iFraetum 


Fraeticm 


Uractum 


Fraeiian 


Frtiction 


Fraeiion 


1100 


0-85 


0-75 


066 


o'6$ 


©•6a 


©•4o 


2800 


•IS 


•»s 










3000 






•3* 


•39 


•15 


'la 


4000 






•oa 








5000 








•»3 


•10 


•11 


7000 








■o» 


' 'lO 


*ia 


9000 










•03 


•©5 


Effect • 


09 


©•7 


1-6 


3*2 


4-9 


3-6 



Total effect of aones within 85-mile radins = 14^ 
Attraction == 149 x 0000035 = 0006 
Beyond the 35-mile radius the zones may be divided into 4 sectors : — 
Sector Angle Height 





o 


feet. 


1. 


180 


1100 


2. 


45 


5000 


3. 


90 


8000 


4. 


45 


8000 



The addition to the orographical correction on account of the outer zones is therefore 

Q0014 
And the total orographical correction becomes 00005 + 0*0014 s 0*0019 
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Ta^ IZ.^OrograpMeai Oorrectioit^ at WU. 
Beiffht 434 feet. 



No. of Zone 


1 


2 


3 


4 


5 


Iimer Badins 
0«ter Badius 


7 miles 
10 „ 


10 miles 
15 „ 


15 miles 
20 „ 


20 miles 
26 „ 


25 miles 
86 „ 


Height 


Fraction 


jE^adion 


Fraction 


Fraction 


Fraction 


460 


0-88 


e-63 


0-49 


©•30 


0-25 


760 


•13 


•22 


• **^ 


•28 


•13 


1560 




•i6 


'22 


•34 


•28 


2250 






-04 






2460 








•08 


•24 


8550 








J 


•08 


4450 










•03 


Effect 


o 


0-7 


0-7 


0-7 


2-7 



Total effect of zones within 85-miIe radius = 4'8 
Attraction = 4-8 x 0-000035 = 0002 
The onter zones contain much higher hills and table-lands than come within the 35-miIe 
circle. The region may be divided up into 4 sectors : — 

Sector Angle Height 

o A^'- 

1. From North to East^ 90 450» 

2. From East to S.E., 45 2000 
8. From S.E. to 80° W. of S., 75 450 
4. From SO"" W. of S. to North, 150 5500 

The attraction of the masses lying above the 450-foot plain outside the 85-mile cirde is 

0-0014 

Hence the total orograpMcal correction s 0*0014 + 0*0002 = 0016 
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Table X — Orographical Correction at Mach. 
Seiffht 3522 feet. 



No. of Zone 


1 


2 


3 


4 


No. of Zone 


5 


6 


7 


Inner Eadius 
Outer Eadius 


1000 feet 
5280 „ 


1 mile 

2 miles 


2 miles 
4 „ 


4 miles 
7 „ 


Inner Badius 
Outer Eadius 


7 miles 
10 „ 


10 miles 
15 „ 


15 miles 
20 „ 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Height 


Fraction 


Fraction 


Fraction 


feH 
2200 








0-05 


feet 
1500 


0-05 


0*13 


©•13 


2700 








'11 


2700 




• 16 




2800 








•07 


2800 


•33 




•24 


2900 




0-I3 


o'i6 




4500 


M 


• 20 


•09 


3200 




•45 


•18 




5800 






•23 


3300 


0-5 






•14 


6000 




•33 




8700 


'5 




•M 




6500 


•37 


•31 


•36 


8800 




•4a 






8000 




•04 




4500 








•30 


8500 


•13 


•OS 


•05 


4800 






•30 




• 








6700 


^ 






•«4 


6000 






'13 




6800 






' 


•17 


7700 








•03 


Effect 


i6-3 


6-0 


31-7 


38-1 


Effect 


38'0 


19. 1 


8-9 
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Table X. — Oroffraphical Correction at JfocA.— (Continued). 
Seight 8533 feet. 



No. of Zone 


8 


9 


10 


Inner Badius 
Outer Badius 


20 miles 
26 „ 


25 miles 
80 „ 


30 miles 
85 „ 


Height 


Fraction 


JB^action 


Fraction 


800 


003 


013 


014 


1500 


•17 


•09 


•11 


2700 


•19 


•12 


•06 


4500 


•06 


•«3 


..6 


6200 


... 


•04 


13 


6200 


•39 


'33 


•28 


8000 


•03 


-la 


•10 


8600 


•II 


... 


... 


10000 


•01 


•04 


•o« 


Effect 


7*7 


5-4 


a-6 



Total effect of zones within 35-mile radius = 163 '7 
Attraction = 163-7 x 0-000035 = 0-0057 

The region lying be70n4 the 35-mile circle may be divided into six sectors :«• 



lect 


or 


Angle 


Height 






o 


feet 


1. 


N. to N. E. . 


45 


6000 


2, 


N. E. to 35° S. of E. 


80 


8000 


8. 


85° S. of E. to S. 


55 


800 


4. 


S. to S. W. 


45 


6000 


5. 


S. W. to W. 


45 


4000 


6. 


W. to N. 


90 


5000 



The orographical correction on account of the outer zones is 

0-00036 

And the total orographical correction is - 0057 + * 0001 s * 0061 
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Table Xl.-^Orographical Correction at Quetta. 
Height 5520 feet. 



No. of Zone 


1 


2 


3 


4 


5 


6 


Inner Eadius 
Outer Eadius 


2 miles 

3 „ 


8 miles 
4 „ 


4 miles 
6 „ 


5 miles 

6 „ 


6 miles 

1 ., 


7 miles 
10 ,. 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


6500 


0-89 


0-76 


OS' 


0*38 


0-31 


©•i6 


5800 


... 


•08 


'la 


*2I 


•'5 


... 


6300 


•«• 


... 


... 


... 




59 


6500 


O'll 


•07 


•19 


•33 


*38 




7500 




•07 • 


•13 


•16 


•14 




8000 


... 


... 


... 


... 


... 


•*s 


8500 


... 


•03 


•06 


•13 


•13 


... 


Effect 


1-7 


4« 


S-8 


6-4 


4-4 


7"9 


No. of Zone 


7 


8 


9 


10 


11 


Inner Radius 
Outer Radius 


10 miles 
15 „ 


15 miles 
20 „ 


20 miles 
25 „ 


25 miles 
30 „ 


80 miles 
35 „ 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
2500 


... 


... 


..t 


... 


o-o8 


4500 


... 


... 


0-03 


©•07 


•13 


5500 


0-37 


0*30 


.•49 


M9 


•4a 


620O 


•50 


•43 


•33 


•35 


•37 


8000 


•20 


•'9 


•«3 


•09 


•II 


lOOOO 


•03 


•08 


•03 


... 


... 


Effect 


6-6 


49 


1-3 


05 


Q-6 



Total effect of zones within d5-mile radius =44*3 
Attraction = 44 • 8 x • 000035 = • 0016 

The regions beyond the S5-mile circle may be divided into six sectors as follows :-— 



BCtC 


>r 


Angle 


Height 









feet 


1. 


N. to N. K 


45 


6000 


2. 


N. E. to E. 


45 


600O 


8. 


E. to SO' S. of E. 


30 


2500 


4. 


30»S. of E. to WE. of S. 


50 


300 


6. 


ICE. of S. to50»W. of S. 


60 


6000 


6. 


50'W.of S.toN. 


130 


3500 
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The addition to the orographical correction on acconnt of the onter regions is 

0-0006 
Hence the total orographical correction is 

0-0016 + 00006 = 0-0022 



In Table XII the results of the season's work are colFected and the values of g^ and y^ 
computed and compared; y^has^as before^ been derived from Helmert's formula of 1884^ namely^ 

7o = 97800 (1+0005310 sin' ^) 
where ^ is the latitude of the station of observation. 





Table XII.^Ah%tract of Final BeeulU. 








Station 


Latitude 


Height 


Obseired 
9 


«2A 


8 h 





Value at 
sea level 

^0* 


To 


yo' - yo 


Simla 


o / # 

31 6 19 


feet 
7043 


978-840 


+ 0-657 


—0-246 


+o-oi6 


979-267 


979 386 


— 0-119 


Kalka 


30 50 8 


2302 


979* 147 


+ 0-205 


-0-077 


+0-004 


979 279 


979*364 


—0-085 


Ludhiana ••■ 


30 55 25 


835 


979 274 


+0-078 


—0-029 


o-oo 


979323 


979"37i 


—0-048 




31 31 37 


708 


979*383 


+0-066 


—0-025 


O'OO 


979*424 


979*420 


+0-004 


rerozepore 


30 55 48 


647 


979-341 


+o-o6o 


—0-023 


0-00 


979*378 


979-372 


+0-006 


Path&nkot 


32 16 33 


1088 


979 •»37 


+ 0-I0I 


-0-038 


+ 0-002 


979- 302 


979-481 


-0-179 


Montgomery 


30 39 47 


557 


979-321 


+0-052 


— 0-019 


o-oo 


979*354 


979*351 


+0-003 


Dera Ohizi Ehan 


30 3 49 


397 


979-192 


+0-037 


— 0-0I4 


O'OO 


979-215 


979*303 


-o-o88 


Molt&n 


30 U XI 


404 


979 •»43 


+0-038 


—0-014 


o-oo 


979-267 


979-312 


—0-045 


Jacobabad 


28 16 34 


183 


979-186 


+0-017 


— o-oo6 


O-OO 


979-197 


979.- 166 


+0-031 


Sibi 


29 32 46 


434 


979-119 


+0-040 


—0-015 


+ 0-002 


979-* 146 


979-26* 


— o-»i6 


Mach 


29 52 25 


35" 


978-960 


+0-328 


—0-123 


+o-oo6 


979-171 


979*288 


-0-1x7 


Quetta 


30 12 15 


5520 


978-851 


+0-515 


-0193 


+ 0-002 


979*175 


979*314 


-0-139' 
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The difference between g at Dehra Dun and g at Mian Mir is by these obserTations 

(979 063 - 979-383) = - 0-820 
On p. [120] of Volume V. Op, G. T. S. we find Basevi's Vibration Numbers to have been 



At Dehra Dun 
At Mian Mir 



86020-86 
86034-55 



Difference = — 
Now dg = 



13-69 

2 X 979 063 

86021 
0-311 



X 13-69 



Hence the difference between the new result and the old is 0*009, which is not very large. 
It does not appear therefore that the special stand used by Basevi at Miau Mir and More intro- 
duced any large error. 
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CHAPTER V. 



The Operations in 1906-07. 



The object of the observations undertaken in 1906-07 was the examinatioi;i in greater 
detail of the variation in the force of gravity at the foot of the Himalayas and in the neigh- 
bourhood of the Siwalik range. 

The information on this subject obtained by the work of the former seasons consists of 
four facts, namely the values of the quantity (^©''""To) ** Pathdnkot, Kfilka, Dehra Diin and 
Siliguri. 

Fath&nkot is situated about 8 miles from the Siw^liks and 16 miles from the Himalayas, but 
the two ranges are not clearly divided in this locality, the topography being confused and difficult. 
The value of {ffo'-yo) is here-0179. 

At E&lka which is at the foot of the Himalayas, with the Siw&liks lying 2 miles to the 
south-west, g^^'iQ = — 0-085. 

At Dehra Dun which lies about half way between the Siwdliks and the Himalayas at a 
point where they are quite distinct and separated by about 10 miles, ^q''— 7© = — 0*126; and at 
Siliguri situated about 7 miles from the Himalayas at a place where the SiwiUiks are merged in 
their great neighbour, ^0^ — 70 = "" 0'137. 

Our present information then shows that the deficiency in gravity is by no me^ns constant, 
but we do not know whether the variations are strictly local in character or whether they are 
rather to be classed as regional. 

The pendulum stations o£ 1906-07 were chosen with a view to gaining more knowledge 
of these variations. 

The stations selected may be divided into four classes, namely, 

1. At the foot of the Himalayas, ... ... ••• {Si^' 

2. Midway ' between the Himalayas and Siwaliks, . . . Fatehpur. 

SHardwdr 
Mohan 
Asarori 

4. Outside the Siwfiliks but not far from them, ■ {nou\^^^ 

Another important object is the location of the position of the line where the excess of 
the observed over the computed force of gravity attains a maximum. 

The existence of such a line, running more or less parallel to the Himalayas, and about 130 
miles from them, was deduced from the latitude observations by Colonel Burrard in Professional 
Paper No, 5, and the lines of pendulum observations of 1904-05 and 1905-06 crossed it near 
Kisnapur, and between Montgomery and Midn Mir, respectively. Three more stations, exten- 
ding southwards along the Great Arc of Meridian from Nojli, were therefore added to the pro- 
gramme. Kaliana, which was Basevi's Base station, was the most northerly of the three, the 
others being Meerut and Gesupur. 

The descriptions of the stations are given in the order in which they were visited. 
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THE STATIONS. 



Hardwar. 


/ » 


Latitude ... ... 29 

Longitude ... ... 78 

Height above mean sea level . . . 


56 29 

9 19 

949 feet 



The. pendulum station was in a small canal bungalow on the right bank of the Ganges 
Canal about 200 yards below the Mayapur Bridge. 

The height was determined by levelling from a bench-mark on the bridge. 



Roorkee. 

Latitude ... 29 52 20 

Longitude ... .,.77 53 59 

Height above mean sea level . . . 867 feet 

The pendulum station was in a large room at the N. E. corner of P. W. D. Inspection 
House^ generally called the Malakpur Bungalow. 

The height was determined by levelling from nearest bench-mark on the bank of the 
Ganges Canal. 

The room was a very good one with a steady temperature and a thick floor. 



Nojii. 

Latitude ... ... 29 53 28 

Longitude .... ... 77 40 25 

Height above mean sea level . . . 879 feet 

The pendulums were swung in the ground floor room of Nojli Tower Station of the G. T. 
Survey. The space afforded by the room was scarcely sufficient and the temperature was difficult 
to control. The height given is that derived from the Principal Triangulation. 



Kaliana. 

Latitude ... ... 29 80 55 

Longitude ... ... 77 39 6 

Height above mean sea level ... 810 feet 

The pendulums were swung in the east room of the observatory built in 1836 by Major, 
afterwards Sir George Everest. In this room the Invariable Penduluma were swung by Basevi 
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in January 1866^ in May o{ the same year^ and in April 1870; also by Heatiride in January 
1873. The Russian Reversible Pendulums were swung iu the same room by Heaviside in February 
]87S. The observatory is a station of the Principal Triangulation and the height given is that 
derived from the vertical angles. 

As this station is of exceptional importance 5 complete sets of observations were made here. 

Meerut. 

Latitude ... ... 29 26 

I Longitude ... ... 77 41 40 

^ Height above mean sea level . . . 734 feet 

The pendulum station was in the south-western room of Bungalow No. 163, which is the 
last house but one from the western end 9I the Mall, on the south side. 

The height was determined by levelling from a bench-mark of the G. T. Survey on the 
Church steps. 

The observations at Meerut were spread over a period of nearly a month. This was done 
for reasons unconnected with the pendulum work; it has the effect of rendering the three 
determinations more independent of each other than is usually the case. 



Gesupur. 

Latitude ... ... 28 33 2 

Longitude ... ... 77 42 3 

Height above mean sea level ... 691 feet 

The pendulums were swung in the north-western room of the bungalow belonging to the 
Irrigation Department on the left bank of the Ganges Canal near the village of Gesupur. 

The height was determined by levelling from a canal bench-mark on the plinth of the 
milestone marked ^' 120 miles from Maiapur^\ 



Mohan. 


e 


f 


Latitude 

Longitude 

Height above mean sea level . . . 


30 

77 


10 53 

54 87 

1660 feet 



The pendulum station was in the eastern of the two larger rooms of the Forest Rest- 
house^ which stands on a spur of the Siw^Iiks on the western side of the main road from 
Sahiranpur to Raj pur. 

The height was determined by levelling from the Mohan Bench-mark of the G. T. 
Survey. At this and the subsequent stations only two complete lets of observations were made. 



Asarori. 


0^0 


Latitude 

Longitude 

Height above mean sea level ... 


30 14 25 

77 58 8 

2467 feet 



The pendulums were swung in the largest room of the P. W. D. Rest-house which stands 
(HI the western side of the Sah&ranpur-Rdjpur road^ a little less than 14 miles from R&jpor. 
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The height was determined by levelling from the Mohobaw&la Bench-mark of the G. T. 
Survey. At the close of the second set of swings stars could not be obtained and continuity 
was carried on to the next night by swinging two pendulums at night and the other two at the 
corresponding hours next morning. 

Dehra Dun was visited and one set of observations made on the way from Asarori to Fatehpur. 



Fatehpur. 

Latitude ... ... 30 25 ^3 

Longitude ... .,,77 43 37 

Height above mean sea level ... 1434 feet 

The pendulums were swung in the northernmost of the three large rooms of the Military 
Works Service Inspection Bungalow. 

There is a secondary triangulation station on the roof of this bungalow and the co-ordinates 
given are those of this station^ the height being reduced to floor level. 



tCalsi. 





f m 


Latitude 

Longitude 

Height above mean sea level ... 


80 

77 


31 8 

50 26 

1684 feet 



The pendulum station was in a bungalow belonging to the Military Works Service, which 
stands about 150 yards east o£ the Inspection Bungalow. The latter is commonly called the 
K^lsi Bungalow, but it should more properly be called the Haripur Bungalow, for the large 
village of Ealsi is about 2 miles further up the Chakrata road. 

The height was determined by levelling from the site of an old station of the triangulation, 
called ^Oular Ghat'. Tlie station had been washed away by the Jumna some years before but 
it was possible to identify its position with fair accuracy. The height given above may very 
possibly be in error by 5 feet, but is not likely to be 10 feet from the truth. 



Rajpur. ^ ^ ^ 

Latitude ... ... 80 24 12 

Longitude ... ..,78 5 47 

Height above mean sea level ... 3321 feet 

The pendulums were swung in a room lent by the Himalaya Glass Works. The room was 
one of those on the northern side of the main building which stands about 100 yards south 
of the public road. 

The height was determined by levelling from a bench-mark of the G. T. Survey on the 
plinth of a house in Bijpur about 250 yards east of the pendulum room. 



From R&jpur the pendulums were brought back to Dehra Dun and three complete sets 
of observations were made with them there. 

The set made between the observations at Asarori and Fatehpur has been included with 
these three in deducing the values of the time of vibration closing. 

The results of the detertliinations of the flexure correction at each station are given in 
Table I. 
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Table J. Flexure Correction. 



Station 


Date 


Obierred 
Correction 


Adopted 
Correction 


Station 


Date 


Obaerred 
Correction 


Adopted 
Correction 


Dohr&Dun 


1906 
]^0T. 26th 

80th 


s 
47 -6 X 10-7 
482 
469 
45-6 


8 

- 47 X ^0-7 


Gesupur ... 


Mar. 8rd 
6th 


8 

42'4x 10-7 

42-5 
416 

425 


8 

- 42 X 10-7 


Hardwmr ... 


Deo. 6th 

10th 
11th 


s 
64*4 X 10-7 
6s-3 
639 
625 
63-0 
636 
63-1 


8 

— 64 X 10-7 


Mohan 


Mar. 15th 
18th 


8 
73-7x10-7 
721 

68-5 
70*0 


8 

- 71 X 10-7 


Asarori ... 


Mar. 24th 
27th 


8 

49" 2 X 10-7 

50* » 
49' I 
499 


8 

— 50 X 10-7 


Boorkee ... 


Dec. 15th 
16th 

2lBt 


s 
42'8x 10-7 

435 
428 
42-8 
41-9 


8 

- 43 X 10-7 


Fatehpur ... 


Ap. 4th 

7th 


8 

68' I X 10-7 

654 
679 
648 

65-4 
653 


8 

- 66 X 10-7 


Nojli 


Deo. 26th 
29th 


s 
596x10-7 
59a 
585 
58-4 


8 

- 59 X 10-7 


Kaiiina ... 


1907 
Jan. 4th 

6th 


8 

86-2X10-7 
84-2 

82-1 

82-9 
79-8 
820 


4th to 6th 

8 

- 83 X 10-7 


K&lBi ... 


Ap. 9th 
12th 


8 

69*8 X 10-7 

69-7 

70- 7 
69 

68-3 
68-6 


8 

— 69 X 10-7 


Jan. 11th 
12th 


8 

75 9 »< 10-7 

777 
79-3 
799 


8th to 11th 

8 

- 78 X 10-7 


KAjpur ... 


Ap. 16th 

18th 
20th 


8 
554X10-7 

55-6 
53*4 
530 


8 

- 55 X »o-^ 


Meerut ... 


Jan. 8lBt 
Feb. 2nd 


8 

46-2 X 10-7 
47'« 
4S"S 
462 


8l8t Jan. to 
2nd Feb. 

8 

- 46 X 10-7 


Dehra Diin 


Mar. 29th 
Ap. Ist 


8 

49-6 X 10-7 
49- 1 
492 


29th to 80th Mar. 

8 

— 49 X 10-7 


Feb. 18th 

24th 
26th 


8 

42-9X 10-7 

43*3 
43-8 

41-9 
43-6 


18th to 26th 

8 

- 43 X 10-^ 


Ap. 22nd 

27th 
28th 


8 

40*3 X 10-7 
37-8 
39*9 
390 
39" 7 


22nd to 28th 

8 

- 39 X 10-7 
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Table IL Details of the Observations. 






a 



13 
£ 

90 



.9 fl 

OM 



I 

o 

o 



Tempera- 
ture 



* d 
Q 



0) 

Si 

a ^ 

O P4 



1^ 



1 

P 



Observed 

Time of 

Yibration 



Correction on account of 



I 



s 

I 

o 

a 






O 

A 



Beduced 
Time of 
Vibration 



Dehra lDun--( Pendulum Room). 
36-37 NoTember, 1906. 





h m 


* 


9 


/ 





• 




137 


3 13 


34-508 


- 9*55 


30 


18-67 


+ 0-01 


0-866 


139 


3 "3 


34*959 


955 


30 


18-73 


001 


0-866 


i3« 


4 M 


33-427 


9*55 


31 


18-73 


o-oi 


0-866 


140 


5 13 


35*3" 


955 


30 


18-71 


0-01 


0-866 


137 


14 19 


34*5»o 


- 9*55 


31 


1807 


+ 0-10 


0-870 


139 


«S IS 


34*974 


9*55 


31 


i8i4 


O'lO 


0870 


138 


16 15 


33 436 


9*55 


33 


1835 


o-io 


0.868 


140 


17 14 


35*323 


955 


30 


1834 


o-io 


0867 



9 
0-50735" 


+ 56" 


-11 


- 9IS 




- SM 


"47 


0-5072549 


5<>" 


II 


917 




525 


47 


•5075925 


S61 


13 


917 


'a 


495 


47 


0-5071816 


5<>i 


II 


917 


1 


525 
Mean 


47 


0-5073508 


+ 56' 


— 13 


- 885 


"o 


- 517 


-47 


0-5072516 


56. 


13 


889 




527 


47 


0-5075905 


561 


>3 


894 




496 


47 


0-5071793 


561 


II 


899 




525 


47 






Mean 


... 


Time of Vibration of Mean Pendulum 


... 



0*5072585 

0*507161 o 
o 5075015 
0-5070877 

0-5073533 

0-5073608 
0*507 1602 
0-5075016 
0-5070871 

05072524 

05072523 



37-38 NoTember, 1906. 



140 


2 '3 


35*328 


- 9-60 


23 


'8-53 


+o-04| 


0-867 


138 


3 'S 


.?3*443 


9*60 


31 


18 60 


0*04 


0-866 


"39 


4 '4 


34*97' 


9-60 


31 


186^ 


0-04 


0-866 


'37 


5 '4 


34-507 


9-60 


»9 


I8-6+ 


0-04 


0-866 


140 


14 17 


35*330 


- 9-60 


23 


18-08 


+ o-o8 


0-869 


138 


.5 18 


33*444 


9'6o 


32 


■8-13 


008 


0867 


»39 


16 19 


34*972 


9-60 


24 


18-21 


o-o8 


0-866 


'37 


17 ao 


34*S'<* 


9-60I 


30 


18-33 


o-o8 


0864 



0-5071781 


•^564 


-'4 


- 908 




- 525 


0-5075888 


564 


13 


911 




495 


0-5072525 


564 


13 


9*3 


.1 


525 


0*5073515 


564 


10 


9'3 


5'4 










§• 


Mean 


0-5071778 


+ 564 


-'4 


- 886 





- 527 


0-5075886 


564 


'3 


888 


Sz* 


496 


0-5072523 


564 


'5 


893 




52s 


0*5073508 


564 


11 


898 




S'3 



-47 
47 
47 
47 



Mean 
Time of Vibration of Mean Pendulum 



0-5070851 
0-5074987 
0-5071592 
0*5072595 
0*5073506 

0-5070868 
0-5075006 
0-507 1608 
0-5073603 

0-5073531 

0*5072514 



38-39 November, 1906. 



'.^ 


3 31 


34*965 


- 9'49] 


37 


18-52 


0-00 


0-863 


137 


3 24 


34*504 


9*49 


19 


18-52 


o-oo 


0863 


140 


4 27 


35*3i8 


9*49 


30 


1852 


0-00 


0-866 


'38 


S 23 


33*434 


9*49 


23 


18-52 


o-oo 


0-864 


'39 


14 23 


34 982 


- 9*49 


23 


18-05 


+ 0-09 


0-867 


'37 


'5 25 


34*5'o 


949 


36 


18 12 


0-09 


0-866 


140 


16 30 


35 329 


9*49 


20 


l8'3I 


0-09 


0-866 


'38 


'7 30 


33*439 


9*49 


»3 


18-33 


0*09 


0864 



0-5072537 
0-5073520 
0-5071803 
o-50759'o 


•<-557 
.S57 
557 
557 


-30 
10 
II 

'4 


- 907 
907 
907 
907 


JO 


- 523 
5'3 
525 
494 

Mean 


-47 
47 
47 
47 


0-5073501 
0-507.^507 
0-5071778 
0-5075897 


•<-557 
557 
557 
557 


-14 
18 
II 
'4 


- 884 
888 
893 
898 


1 


- 525 
5'4 
525 

494 


-47 
47 
47 
47 






Mean 


... 


Tim 


B of Vil 


)ratio 


nof M 


eanPe 


odulum 


... 



0-5071597 

0*5073600 
P-S070870 
0-5075005 

o-So7as'8 
0-5071588 

0-5072597 
0-5070860 
0-5075001 

0-5072512 

0*5072515 



HardT^ap. 
7-8 December, 1906. 





h m 


8 


s 


/ 





• 




140 


21 31 


34-663 


+ 16-19 


»9 


18-I3 


-008 


0-904 


138 


22 39 


33-846 


16-19 


'9 


18 13 


008 


0906 


'39 


23 28 


34 328 


16*19 


18 


1804 


o-o8 


0-906 


'37 


39 


33*905 


16-19 


»7 


17-91 


o-o8 


0906 


140 


«o 3 


34*733 


+ 16*19 


18 


'5*42 


+ 0-37 


o-9'5 


'.?« 


10 54 


32-898 


16-19 


30 


15-78 


0-37 


0-913 


».?9 


'» 5' 


34-.?09 


16-19 


30 


1614 


037 


0-912 


'37 


13 49 


33 932 


16*19 


18 


16-46 


0-37 


0*910 



s 
o-5073'78 


- 950 


— 10 


- 88S 




- m8 


o- 507 7 290 


950 


10 


888 




S'8 


0-5073003 


950 


9 


884 


'?! 


549 


05074841 


950 


8 


878 


1 


S38 
MeM 


o- 5073038 


- 950 


- 9 


- 756 


^ 


- SS4 


o- 5077165 


950 


II 


773 




S" 


0-5073813 


950 


II 


791 




553 


0-5074780 


950 


9 


807 




541 



-64 
64 
64 
64 



■64 
64 
64 
64 



Mean 
Time of Vibration of Mean Pendulum 



0-5070718 
0-5074860 

o-507'447 
0-5073403 

0-5072357 
0-5070695 
05074845 
o-S07'443 
0*5073409 

05072348 
0*5072353 
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Table II. Detaih of the Obtervatiom — (Continued). 



IS! 



a 

1 


1 
1 


S 


1 


.J 

B 

g 


Tempera- 
ture 


S 


Observed 

Time of 

Vibration 


Correction on account ol 


Eeduced 
l^me of 
Vibration 


si 
1^ 





1 
1 






< 


2 
a 


1 




1" 




8-9 December,. 1906. 1 


137 
139 
138 
140 


h m 

31 to 

22 20 

23 22 

22 


33-902 

34-327 
32 849 
34671 


« 

+ i6"4o 

16-40 

i6'40 

16-40 


/ 

'9 
18 

'9 
18 

/ 


17 69 
'7-75 
'774 
'7-73 


• 

+ 0-01 

o-oi 
o-of 
0-01 


0-907 
0-907 
0-909 
0-907 


0-5074846 
0-5073906 
0-5077282 
0-5073162 


- 963 
963 
963 
963 


-10 

9 
10 

9 


- 867 
870 
869 
869 


1 
1 

43 


- 539 

550 

520 

550 

Mean 


-64 
64 
64 
64 


9 
05072403 

o-507'450 

05074856 

0-5070707 
0-5072354 


«37 
«39 
•38 
140 


9 39 

10 41 

11 44 
'» 37 


33*9'2 
34*335 

34 667 


+ 16-40 
16-40 
16-40 
1640 


13 
'9 
«9 
'9 


'7*30 
'7-5' 
17-66 
1778 


+ o*i6 
o-i6 
0-16 
016 


0-910 
0909 
0-907 
0-906 


0-5074825 
0-5073887 
0-5077275 
0-5073122 


- 963 
963 
963 
963 


~ 5 
10 
10 
10 


- 848 
858 
865 
87i 


1 


- 541 
55' 
5»9 
549 


-64 
64 
64 
64 


0-5072404 
0-5071441 

05074854 
05070715 


Meaa ... 


05072354 


Time of Tibration of Mean Pendulum ». 


0-5a72354 


9' 10 December, 1906. 


140 
138 
«39 
137 


ai 3' 

22 32 

23 36 
38 


34-649 
32-832 

34'3»3 
33-887 


+ 16-49 
1649 
1649 
'6 49 


20 
20 
18 
18 


18-46 
18-50 
18-42 
.8-27 


— o-o6 
0-06 
0*06 
o-o6 


0-908 
0-906 
0-907 
0907 


0-5073207 
0-5077322 

0-5073937 
0-5074880 


- 968 
968 
968 
968 


-II 

11 

9 

9 


- 90s 
907 
903 
895 


•2 
1 


- 550 

5i8 

550 

539 

Mean 


-64 

64 
64 
64 


o-.<o7o709 
05074854 
o'507'443 
05072405 

0-507*353 


140 
138 
»39 
"37 


9 3' 

10 36 

11 44 

12 46 


34-683 
32-855 
34 33' 
33 894 


+ 16-49 
16-49 
1 6- 49 
16-49 


20 
20 
18 
'7 


1704 
17-42 
17-71 
'7-95 


+ 0-27 
0-27 
0-27 

I 0-27 


0-911 
0-909 
0-909 
0-907 


o-5o73'J5 
0-5077268 

0-5073897 
0-5074863 


- 968 
968 
968 

1 968 


— 11 
11 

9 
8 


-835 
854 
868 
880 


1 


- 552 
520 

55' 
539 


-64 
64 
64 
64 


0-5070705 
0-507485' 
o-507'437 
0-5072404 


Mean ... 


0-5072349 


Time of Vibration of Mean Pendulum ... 


0-5072351 


Roorkee. 


16-17 December, 1906. 


'37 
'39 
138 
140 


h m 

3 27 

4 28 

5 29 

6 30 


9 

34-249 
34683 

33- '73 
35-022 


t 

+ 4-90 
4-90 
4-90 
4-90 


/ 

'7 
»9 
20 
18 


16.57 
16-76 
16*92 
1699 


+ 0-14 
0-14 
0-14 
0-14 


0-908 
0-908 
0-907 
0-907 


9 

0-5074076 
0-50731.^5 
0-507651S 
05072418 


- a88 
288 
288 
288 


- 8 

10 

11 

9 


- 812 

821 

829 
833 


1 
1: 

4a 


- 539 

550 
5»9 
550 

Mean 


-43 
43 
43 
43 


0-5072386 
0-5071433 
0-5074825 
05070695 

0-5072332 


137 
'39 
•38 
140 


'5 36 
16 38 

'7 44 
'8 39 


34 -235 
34-674 
33- '67 
35016 


+ 4-90 
4-90 
4-90 
490 


'9 
20 

<9 
18 


16-75 
f6-86 
16-93 
17*00 


+ o*o8 
o-o8 
o-o8 
o-o8l 


0-913 
0*912 
0-911 
908 


0-5074108 
o-5073»s6 
0.5076529 
0-5072430 


- a88 
288 
a88 
a88 


-10 

i» 

10 

9 


- 821 
826 
830 
833 





- 542 
553 
52» 
550 


-43 
43 
43 
43 


0-5072404 
o-5*7'435 
0-5074837 
0-5070707 


Mean ... 


0-50-72346 


Time of Vibration of Mean Pendulum ... 


0*5072339 


17-18 December, (906^ 


140 
138 
'.S9 
'37 


3 24 

4 26 

5 25 

6 26 


35*012 
33- '58 
34-666 
34 226 


+ 5-08 
5-o8 
5-08 
508 


20 

19 
19 
18 


1711 
'7'3 
'7'3 
'7-'3 


+ 0-01 

o-oi 
o-oi 
o-oi 


0-911 
0-910 
0-910 
0-910 


0-5072437 
05076549 
0-5073172 
0-5074129. 


- 298 
298 
298 
298 


— ri 

10 

10 

9 


- 838 
839 
839 
839 


.S 

1 

el 


- 5S« 

52' 

55' 

54* 

Maan 


--♦3 
43 
43 
43 


0-5^070695 
0-5074838 
0-507143' 
0-5072399 
05072341 


140 
138 
'39 
'37 


'5 48 
f6 42 
'7 33 
1831 


.?5-c«7 
33-»79 
34-686 

34-446 


+ 5-08 
5-08 
S-o8 
5^o8l 


ao 

•9 
ao 

'7 


16^-34 
i6'4o 
165. 
i6-S9 


+ 0'10 

o-io 
0-10 
o-io 


0-913 
0-913 
0-912 
0-9 1 1 


0-5072386 
0*5076503 
0-5073 '30 
0-5074085 


.- 298 
298 
298 
398 


—II 
>o 
II 
8 


- 801 
804 
809 

813 




- 553 
522 

553 
541 


-43 
43 
43 
4>3 


0-507068.0 
0-5074825 
0-50714.16 
0-5073382 


Mean ... 


0-5072326 


Time of Vibration of Mean Pendulum ... 


0-5072334 
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Table II. Details of the ObservatioM— {Continued). 



a 






%2 



rt'S 






I 

■s 

o 



Tempera- 
ture 






0) P« 



a 



O 








Correction on account of 


Observed 


o 




2 




e4-l 




Time of 


o 




f? 




O 


o 


Vibration 


2 
<1 


04 






© 




o 




S 




» 


Ph 



Eeduced 

Time of 

Vibration 



19-20 December, 1906. 





% m 


B 


• $ 


^ 










137 


3 43 


34 '243 


+ 4-66 


>9 


16-89 


+ 0-0I 


0-912 


»39 


4 43 


34-686 


4-66 


19 


16-91 


0-01 


0*912 


138 


5 44 


33- 176 


4*66 


"9 


16-91 


o-oi 


0-912 


140 


644 


35-027 


4-66 


18 


16-90 


0-01 


0-912 


137 


15 58 


34-258 


+ 4-66 


«9 


<6-35 


+ 0*07 


0-914 


'39 


16 52 


34*693 


4-66 


»9 


16-46 


007 


o-9'3 


138 


17 45 


33 187 


4-66 


20 


16-52 


0*07 


0-913 


140 


18 50 


35 036 


4-66 


18 


16-57 


0-07 


0-911 



0-5074091 
0*5073130 
0-5076509 

0-5072408 


- 274 

274 
274 
274 


-10 

10 

10 

9 


- 828 
829 
829 
828 


i 


- 542 
553 
522 

553 


-43 
43 
43 
43 










Mean 


... 


0-5074055 

o* 50731 > 5 
0-5076483 
0-5072390 


- 274 
274 
274 
274 


-10 

. 10 

II 

9 


- 801 
807 
809 
812 


^ 


- 543 
553 

522 

552 


-43 
43 
43 
43 






Mean 


... 


Time of Yibraiion of Mean Pendulum 


... 



05072394 
0*507,142 I 

05074831 

0-5070701 

0-5072337 

0-5072384 
0-5071428 
05074824 

0*5070700 

05072334 

05072336 



20-21 December, 1906. 



140 

138 

139 
137 


3 57 

4 48 

5 43 

6 40 


35-029 
33-175 
34684 
34-244 


+ 4-84 
484 
4-84 
4-84 


20 

20 
18 
18 


1675 
1677 
16-80 
16 81 


+ 0-03 
0-03 
00*3 
0*03 


0*911 
0*911 
0-911 
0*911 


140 
1.38 
139 
137 


16 54 

17 53 

18 59 


.35-039 
33-173 
34 693 
34 252 


-f 4-84 
4-84 
4-84 
4-84 


19 
19 
19 
17 


16 43 
16.49 

i6*53 
1653 


+ 0-03 
0-03 
0-03 
0-03 


0-914 
0-91^ 

0-914 
0-914 



0-5072402 


- 284 


— 11 


- 821 




- 552 


0-5076509 


284 


If 


822 




521 


0-5073133 


284 


9 


823 




552 


0-5074087 


284 


9 


824 


1 


541 
Mean 


0-5072382 


- 284 


-10 


- 80s 


% 


- 554 


05076515 


284 


10 


808 


» 


523 


0-5073*13 


284 


10 


810 




554 


0-5074070 


284 


8 


810 




543 



Mean 
Time of Vibration of Mean Pendulum 



0*5070691 
05074828 
0-5071422 
0-5072386 

0-5072332 
0-5070686 

0-5074847 
0-507 1412 
0-5072382 

05072332 
0-5072332 



Nojli. 
26-27 December, 1906. 





h m 


B 


« 


/ 










137 


4 16 


34-419 


+ o*io 


19 


1492 


-008 


0*920 


139 


5 16 


34-857 


O'lO 


19 


14*92 


o*o8 


0*921 


138 


6 18 


33-342 


0*10 


17 


1482 


008 


0-923 


140 


7 18 


35-219 


0*10 


19 


14-70 


o-o8 


0923 


ni 


16 34 


.34-427 


4- O'lO 


19 


14-53 


+ 0-40 


0-923 


«35 


17 27 


34-856 


o-io 


19 


14*91 


0-40 


0922 


138 


18 33 


33327 


0-10 


21 


.5-26 


0-40 


0*919 


140 


<9 18 


35- 189 


O-IO 


19 


15*61 


0-40 


0-918 



s 

0-5073705 
05072765 

0*5076122 
0*5072009 


- 6 
6 
6 
6 


— 10 

10 

8 

10 


- 731 
731 
726 

720 


I 


- 546 

558 

528 

559 

Mean 


-59 
59 
59 
59 


0*5073688 

0-5072767 
0-5076158 
0*5072068 


- 6 
6 
6 
6 


-10 
10 
12 
10 


- 712 

731 
748 
765 


& 


- 548 
559 

556 


-59 
59 
59 
59 








Mean 


••• 


TiD 


10 of Vibration of tt 


[ean Pe 


ndulum 


M« 



0-5072353 
0-5071401 

0-5074795 
0-5070655 

0*5072301 

0-5072353 
0-5071402 
05074807 
0*5070672 

0-5072309 

0-5072305 



140 
'38 
139 
137 



140 
138 
»39 
137 



27-28 December, 1906. 



416 

5 »7 

6 18 

7 17 



16 34 

17 30 

18 22 

19 25 



35'i95|-»- 0*27 

M'SvjA 0*27 

34-845* 0-27 

34 '4031 0-27 



35*198 + 0'27 

33-315 0-27 

34*830 0*2) 

34-385I 0-27 



»5'54 
15-55 
15-54 
15-45 



15*59 
15-95 
16-23 
16*46 



-0-03 
0*03 
0-03 
0*03 



•♦■o'3i 
0-31 
0-31 
0-31 



0*919 
0*919 
0-919 
0-919 



0*918 
0*916 
0*916 
0*913 



0*5072058 
0-5076172 
0-5072792 
0-5073740 



0*5072050 
0*5076186 
0*5072823 
0-5073780 



- 16 


-12 


- 761 




- 557 


16 


U 


76. 




526 


16 


10 


761 


I 


557 


16 


9 


757 


546 








s* 


Mean 


- 16 


-11 


- 764 


t 


- 556 


16 


12 


782 


^ 


524 


16 


7 


795 




555 


16 


10 


807 




542 



■59 
59 
59 
59 



-59 
59 
59 
59 



Mean 
Time of Vibration of Mean Pendulum 



5070653 
5074798 
5071389 
5072353 

5072298 

5070644 
5074793 
5071391 
5072346 

5072294 

5072296 
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I 



H 





s , 




9 


Tempera- 


b 





^ 


< 
1 


ture 


^^ 




5 « 


;i^ 




'nj 


1^. 





i 


.2 s 







03 


0) 


S 5? 


s 


9Q 






S 


a 




P 





Correction on account of 


Observed 







£ 




<*-l 




Time of 


■8 




3 







s 


Vibration 


« 


p 


S 


SP 


^.J1 


s 







< 


^ 


9C 
1-^ 


•5<5 


s 









B 




0) 


IX 




a 




0) 

Eh 




p 





Eeduced 
Time of 
Vibration 



28-29 December, 1906. 





h m 


s 


8 


^ 










137 

•39 
138 
140 


4 22 

5 24 

6 28 

7 3> 


34-390 
34-835 
33-3«o 
35«79 


+ 0-25 
025 
0-2S 
0-25 


21 

•9 
20 
18 


16-29 
16*28 

l6-21 

1613 


-o-o6 
0*06 
o"o6 
o-o6 


0-916 
0*916 
0*916 
0*916 


137 
•39 
•38 
140 


16 34 

17 26 

18 3i 

19 32 


34-426 
34-860 
33 327 
35-'9> 


+ 0-25 
0*25 

025 
025 


•9 
20 
20 
•9 


I4*5» 
14*82 
.S-'6 
15-48 


+ 0-32 
032 
032 
0-32 


©•921 
0*919 
0-917 
0*916 



9 

0*5073768 


- "5 


-12 


- 798 




- 544 


0-5072812 


•5 


10 


798 




555 


0*5076195 


IS 


II 


794 


'i 


524 


0-5072090 


IS 


9 


790 




555 
Mean 


0*5073688 


- 15 


-10 


- 711 





- 547 


0*5072760 


15 


II 


726 




557 


0-5076155 


15 


II 


743 




525 


0-5072065 


15 


10 


759 




555 



-59 
59 
59 
59 



-59 
59 
59 
59 



Mean 
Time of Vibration of Mean Pendulum 



0-5072340 

0-5071375 
05074792 
0*5070662 

0-5072292 

0-5072346 
05071392 
0-5074802 
0*5070667 

0-5072302 

5072297 



Kaliana. 
4-5 January, 1907. 





h m 


s 


s 


/ 










137 


4 55 


U-270 


+ 4-72 


•7 


1641 


-0-02 


0-918 


•39 


5 56 


34-709 


4*72 


•9 


•6*43 


0*02 


0-918 


138 


655 


33' « 99 


4*72 


20 


16*40 


0-02 


0*918 


140 


7 56 


35-054 


4-72 


18 


16*38 


0-02 


0-918 


137 


j6 50 


34-272 


♦■ 4-72 


18 


i5-9» 


+ 0-17 


0-922 


•39 


17 52 


34-709 


472 


18 


1606 


0-17 


0-921 


•38 


•8 54 133- »93 


472 


20 


16*24 


0-17 


0*918 


140 


I '9 53 


l35'045 


4-72 


18 


•6-43 


17 


0-917 



0-5074030 


- 277 


- 8 


- 804 




- S4S 


0-5073080 


277 


10 


805 




556 


0-5076455 


277 


II 


804 


»« 


525 


0-5072350 


277 


9 


803 


OS 


S56 
Mean 


0-5074025 


- 277 


- 9 


- 780 


t 


- S48 


0-5073081 


277 


9 


787 


a 


SS8 


0-5076468 


277 


11 


796 




S*S 


0-5072371 


377 


9 


805 


• 


S56 



-83 
83 
83 
83 



-83 
83 
83 
83 



Mean 



Time of Vibration of Mean Pendulum ... 0-5072269 



o-So7«3'3 
0-5071349 
0-5074755 
0-5070622 

0-5072260 

0-5072328 
0-5071367 
0*5074776 
0*5070641 

0*5072278 



5-6 January, 1907. 



140 


456 


35-026 


+ 5*39 


20 


16*89 


-0-17 


0-917 


1.38 


5 58 


33-172 


5-39 


20 


16-78 


017 


0*918 


139 


6 55 


34 687 


5-.^9 


•9 


16*61 


0-17 


0-919 


•37 


7 55 


.H-25I 


5*39 


•7 


i6*44 


017 


0-918 


140 


17 6 


35-027 


+ 5-39 


20 


16 -39 


+ o-i8 


917 


138 


•8 5 


.33«68 


5-39 


20 


•6*57 


0-18 


0-916 


•39 


•9 5 


34670 


5-.^9 


•9 


16*76 


018 


0*914 


•37 


20 3 


34- 228 


539 


18 


16-92 


0-18 


0*913 



0*5072410 


- 3»6 


— II 


- 828 




- 5.«;6 


0*5076518 


3»6 


II 


822 




52s 


o*5073i27» 


316 


10 


814 


'd 


557 


0*5074072 


3«6 


8 


806 




545 
Mean 


0*5072407 


- 3^6 


— II 


- 803 


4J 




- 556 


o- 50765 29 


316 


11 


812 


*A 


524 


0-5073163 


3«6 


10 


821 




554 


0*5074122 


316 


9 


829 




542 



-8.1 
83 
83 
83 



-83 

8.? 
83 
83 



Mean 
Time of Vibration of Mean Pendulum 



0*5070616 
05074761 

0-5071347 
05072314 

0*5072260 

0*5070638 
0-5074783 
o-507«379 
05072343 
0*5072286 
0*5072273 



•37 


1 7 


■14-225 


^ 5-89 


18 


17-16 


•fo-03 


0911 


139 


6 7 


34*660 


S-89 


18 


1719 


0*03 


0*911 


•3« 


7 7 


33-149 


589 


20 


•7-23 


0*03 


0-911 


140 


8 7 


34 -999 


5 89 


18 


17-26 


003 


0911 


137 


17 16 


34-219 


+ 5-89 


18 


•7-33 


+ 005 


0*912 


•39 


18 17 


34652 


5-89 


18 


17*40 


0*05 


0-912 


•38 


19 19 


.^3' •42 


5-89 


20 


'7-47 


0*05 


0*911 
0*911' 


140 


20 18 


34-994 


5-89 


18 


»7'49 


005 



8-9 January, 1907. 



0-5074130 
0-5073 '85 
0-507657* 
0*5072466 



0-5074145 
0-5073202 
o* 5076589 



0*5072476 



- 346 


- 9 


- 841 




- 541 


-?8 


346 


9 


84» 




5S» 


78 


346 


II 


844 


1 


S*' 


78 


346 


9 


846 


SB* 


78 








1 


M«aD 




- 346 


- 9 


- 849 


1 


- S4« 


-78 


346 


9 


8.13 


in 


553 


78 


346 


II 


8s6 




S»« 


78 


346 


9I 857! 


SSa 


78 










Mean 


... 



Time of Vibration of Mean Pendulum 



0'507a3iS 
0-507I358 
0-5074771 
05070635 

0-5072270 

0-5072321 
0-5071363 
0-5074777 
0-5070634 

0*5072274 

0-507 2272 
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Table II. Details of the Obserpations — {Continued). 



e 

a 









c? 


Tempera- 


t;^ 


1 


s„ 


s 


Ihi 


ture 


'■5 


H 








nj 


0) 

* 2 


'S 


IS 


g-s 


J4 


OT 




^ 




.9 a 




a 
S 


ft. s 


'^ 2 
9 fe 




OQ 






s a" 


1^ 


n 



Observed 

Time of 

Vibration 



Correction on account of 



I 



a 

H 






QO <j 



Beduced 
Time of 
Vibration 



9-IO January, 1907. 





h m 


s 


9 


/ 










140 


5 8 


35 046 


+ 5-89 


20 


15*34 


+ 0-13 


0*918 


138 


6 5 


33- 185 


589 


20 


'5'47 


0*13 


0-917 


»39 


7 8 


34 692 


5-89 


18 


15 60 


013 


o-9'3 


«37 


8 9 


34-249 


5-89 


18 


'5-74 


013 


917 


140 


»7 23 


35015 


+ 5-89 


20 


16-63 


+ 0-I0 


0917 


138 


18 18 


33- "59 


5-89 


20 


16*74 


0*10 


0*916 


»39 


19 14 


34 '664 


5 89 


18 


16*83 


010 


0*916 


i37 


20 11 


34- 224 


589 


17 


16*92 


0*IO 


0-915 



s 

0-5072367 


- 346 


-II 


- 752 




- 556 


0*5076488 


346 


11 


758 




525 


0*5073116 


346 


9 


764 


1 


553 


0-5074075 


346 


9 


771 


545 










OS 


Mean 


0-5072431 


- 346 


-II 


- 815 





- 556 


0-5076549 


346 


II 


820 




524 


0*5073178 


346 


9 


825 




555 


0-5074130 


346 


8 


829 




544 



■78 
78 
78 
78 



Moan 
Time of Vibration of Mean Pendulum 



0*5070624 
0*5074770 
0-5071366 
0-5072326 

0-5072272 

0*5070625 
0*5074770 
0-5071365 
0-5072325 

0*5072271 

0-5072272 



10-11 Januaiy, 1907. 



"37 


5 16 


34- 224 


+ 5-91 


'9 


i6-95 


-0*01 


0-916 


139 


6 17 


34664 


5'9» 


18 


16*94 


001 


0-916 


138 


7 21 


33' 15s 


5-9i 


19 


16*93 


O'OI 


0-916 


140 


8 22 


35 006 


5-91 


18 


1693 


o-oi 


0-916 


'37 


17 12 


34-238 


+ s'r 


19 


16*61 


+ 0*04 


0*921 


139 


18 15 


34-668 


5-9' 


19 


16*70 


0*04 


918 


138 


19 19 


33* 158 


5-9' 


'9 


«6-73 


0-04 


0*918 


140 


20 20 


35 013 


S-9I 


19 


16-78 


0*04 


0*917 



0*5074132 
0*5073176 
0-5076558 
05072451 


- 347 
347 
347 
347 


-10 

9 
10 

9 


- 831 
830 
830 
830 


1 


- 544 

555 

524 

555 

Mean 


78 

78 
78 


0-5074100 

o- 5073 168 
0-507655" 
o- 5072435 


- 347 
347 
347 
347 


- 9 
10 
10 
10 


- 814 
818 
820 
822 


49 



- 547 
556 

556 


-78 
78 
78 
78 






Mean 


... 


Time of Vibration of Mean Pendulum 


... 



0*5072322 

0-5071357 
05074769 
05070632 

0*5072270 

0-5072305 

0*5071359 
0*5074771 

o - 5 0*7 O 6 2 2 
0*5072264 
0-507 2267 



Meerut. 
8lBt January — Ist February, 1907. 





h m 


$ 


« 


1 





• 




137 


3 26 


34-421 


- "35 


"9 


"7-57 


•♦-0-09 


0*912 


>39 


4 25 


34858 


"•35 


"9 


1765 


0*09 


0*911 


138 


5 28 


3ym 


"•35 


20 


17*73 


0*09 


0*91! 


140 


6 24 


35 '97 


"•35 


20 


17*82 


0*09 


0-911 


"37 


"5 4" 


34-4'9 


- «-35 


20 


"7-53 


+ o*o8 


o-9"3 


"39 


16 38 


34'86i 


1-35 


19 


"7*57 


008 


o-9»3 


"38 


"7 3« 


33' 334 


"•35 


21 


"7*65 


0-08 


0-912 


140 


18 23 


35-201 


"•35 


"9 


17*72 


0*08 


0*912 



i 
0-5073700 
0-5072763 

0-5076145 
0-5072052 


+ 79 
79 
79 
79 


-10 
10 
11 
11 


- 86i 
865 
869 
873 


1 


- 542 
552 
521 
552 


-46 
46 
46 
46 










Mean 




0-5073706 

0-5072757 
0-5076141 
0*5072046 


+ 79 
79 
79 
79 


-11 
10 
12 
10 


- 859 
861 
865 
868 





- 542 
553 
522 
553 


->6 
46 

46 








Mean 


... 


Tim 


eof Vi 


brati 


on of ]k 


[ean Pc 


tndoium 


... 



0-5072320 
0-5071369 

0-5074777 
0*5070649 

0*5072279 

0*5072327 

0*507 1366 

0-5074775 

0-5070648 
0-5072279 
0-5072279 



18-19 February, 1907. 



'37 


4 30 


34-4"6 


— 0*91 


20 


'7-52 


+ 0-02 


0-913 


'39 


5 29 


34-851 


0-91 


20 


"7*55 


0-02 


0*912 


'3« 


6 28 


33-327 


0*91 


21 


'7-57 


0*02 


0-912 


140 


7 27 


35* "95 


0-91 


"9 


"7-59 


0*02 


0-912 


'37 


16 45 


34-397 


— 0-91 


20 


17-78 


+ 0-09 


0*911 


'39 


"7 34 


34*836 


0*91 


21 


17.91 


009 


O-9II 


"38 


18 28 


33-3'7 


0*91 


21 


17-96 


0*09 


0*910 


140 


19 26 


35**8:^1 


0*91 


20 


1808 


009 


0-909 



0-5073711 
05072778 
05076157 

o- 5072058 


•** 53 
53 
53 
53 


— 11 
11 
12 

10 


- 858 
860 
861 
862 


1 


- 542 
553 
522 

553 










Mean 


0-5073752 

0*5072810 
0*5076180 


+ 53 
53 
53 


— 11 
12 
12 


- 871 
878 
880 


1 


- 54' 

552 
52" 


0-5072079 


53 


11 


886 




55" 



-43 
43 
43 
43 



-43 
43 
43 
43 



Mean 
Time of Vibration of Mean Pendulum 



0-5072310 

o*507'364 
0*5074772 
0*5070643 

0-5072272 

05072339 
0-5071378 

05074777 
0-5070641 

0-5072284 

0-5072278 
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Table II. Details of the Ob»ervatione-^(Continued), 



^S5 



B 

a 




1 


b 

Mi 

OM 



5 

§ 

3 


2 
< 

1 

1 


Tempera- 
ture 


< 

1 


Observed 

Time of 

Vibration 


Correction on account of 


Beduced 

Time of 

Vibration 


1« 

c5 




1 

5 


2 

< 


1 

a 


1 


P 


H 




24-25 February, 1907. 


140 

138 
«39 
137 


4 SI 

5 49 

6 46 

746 


« 
35-150 

33 280 

34 800 
34-356 


$ 

+ 0-19 

0*19 

0-19 

0*19 


1 

21 
21 

31 
18 


i8-2o 
18-29 
1829 
18-32 


+0-03 
0-03 
0-03 
0-03 


0-909 

0-910 
0*910 

0909 


s 

0*5072150 
0-5076266 
0-5072886 
0-5073843 


— II 
II 
II 
11 


—12 
12 
12 

9 


- 892 
896 
896 
898 


"2 

1 


- 551 

521 
551 
540 

Mean 


-43 
43 
43 
43 


i 
0*5070641 
0-5074783 
0-5071373 
0-5072342 

0-5072285 


140 
138 
139 
137 


16 3 
1657 
»7 53 
18 54 


35-153 

33 286 

34 800 
34-356 


+ o'i9 
0*19 
0M9 
0*19 


21 
3f 

20 

'9 


18-33 
18 42 
.852 
'8-57 


+0-08 
008 
0-08 
008 


0*911 
0-910 

0909 
0*909 


0-5072145 
0-5076252 
0-5072886 
0-5073843 


— 11 
If 
11 
11 


— 12 
12 
II 
10 


- 898 
903 
907 
910 


1 


- 553 
521 
55 » 
540 


-43 
43 
43 
43 


0*5070629 
05074762 
0-5071363 
0-5072329 




Mean ... 


0-5072271 




Time of Vibration of Mean Pendulum ... 


0-5072278 




Gesupur. 




3-4 March, 1907, 


»37 

139 

138 

1 140 


km 

8 36 

9 36 

10 36 

11 34 


34-390 
34-833 
33-312 
35 186 


* 

- 309 
3-09 
3-09 
3-09 


t 
21 
21 
22 
21 


19*72 
19-72 
19*62 
19-50 


-008 

o-o8 
0-08 
008 


0907 

0-907 
0908 
0-908 

• 


0*5073768 

0-5072817 
0-5076190 

0*5072075 


4- l8i 
181 
181 
181 


-12 

12 

13 
12 


- 966 
966 

961 
956 


-2 

1 

49 


- 5.=?9 

550 
5'9 
550 

Mean 


-42 
42 
42 
42 


0-5072390 
0*5071428 
0-5074836 
0*5070696 

0-5072338 


|i37 

1 138 
140 


20 45 

21 43 

22 42 

23 40 


34-405 
34848 
33 323 
35-19' 


- 309 
309 
309 
3-09 


21 
21 
22 
20 


18-72 
18-72 
1883 
18-92 


+ 0-08 
0-08 
o-o8 
o-o8 


0-912 
0*911 
0-910 

0909 


0-5073735 
0*5072786 
0*5076168 
0*5072065 


+ 181 
181 
181 
181 


-12 
12 

13 
II 


- 917 
917 

923 
927 


^ 


- 542 
552 
521 
551 


-42 
42 
42 
42 


0-5072403 
0-5071444 
0-5074850 
0*5070715 




Mean ... 


0-5072353 




Time of Vibration of Mean Pendulum ... 


0*5072345 




4-5 March, 1907. 1 


140 
138 
139 
137 


823 
9 22 

10 21 

11 20 


35-171 
33-305 
34 834 
34-385 


- 3-02 
302 
3 02 
302 


22 
22 
21 
16 


19-54 
«9-53 
19*52 
»9'52 


-o-oi 
o-oi 

O'OI 
001 


0-907 
0*908 
0*908 
0-906 


0-5072107 
0*5076209 
0*5072813 

5073780 


4- '77 
177 
177 
177 


-13 
'3 
12 

7 


- 957 
957 
956 
956 


i 


- 550 
5»9 
550 
5.?8 

Mean 


-42 

42 
42 
42 


0-5070722 
0*5074855 
0507 '430 
0*5072414 

0-5072355 


140 
138 

139 
137 


20 28 

21 26 

22 24 
J3 ^4 


35-197 
33-3*9 
34-842 
34-39* 


- 3-02 

302 
3-02 


20 
22 
21 

'9 


1905 
19*11 
19-17 

19 30 


+ o-o8 
o-o8 
008 
o'o8 


0*910 

0909 
0-909 
0908 


0-5072053 
0*5076175 
0*5072798 
05073765 


4- 177 
177 
177 

'77 


-II 

13 
12 

10 


- 933 
936 

939 

946 


1 


- 551 
520 

551 
53g 


-42 
42 
42 

42 


05070693 
0*5074841 
0*5071431 
0-5073405 


1 


Menu ... 


03072343 




Time of Vibration of Mean Paadul 11m ... 


5072349 


" 


5-6 March, 1907, 1 


140 
138 
139 

«37 


8 13 

9 23 

10 22 

11 22 


35-168 
33-301 
34 829 

34-384 


- 2-93 
2-93 
293 
2-93 


22 

22 

20 
20 


19-92 

19-91 
19 78 
19-69 


— O'lO 

0*10 
o-io 

O'lO 


0-904 

0-906 
0*906 

0-907 


0-5072112 
0*5076216 
0-5072825 

0*5073781 


4. 172 
172 
172 
172 


-13 
13 
II 
11 


- 976 
976 
969 
965 


1 


-548 

5'8 

549 

539 

Mean 


-42 
42 
42 
42 


0-5070705 

0-5074839 
0-507 1426 

05072396 
0*5072342 


140 
138 
139 
137 


20 20 

21 21 

22 23 
33 21 


35-189 

33-315 
34-836 
34-386 


- 2*93 
2-93 
2-93 
2-93 


22 
22 

20 

20 


'905 
19-13 
'9-29 


4-0-I4 

014 
0-14 
014 


0-908 
0-907 
0-907 

0-904 


0-5072070 
0*5076183 
0-5072811 

0-5073777 


+ 172 
172 
172 
172 


-13 
13 
II 
II 


- 933 
937 
945 
953 




- 550 

5'9 

550 

537 

Mean 


-42 
42 
42 
42 


0*5070704 
0*5074844 
0-5071435 
0*5072406 

0-5072347 












Time of Vibration of Mean Pendulum ... 


0*5072345 




Digitized by 



Google 



156 



Table II. Details of the Observation8'-^{Continued). 



I 



I 



-a 
2 

o 



8^ 

.9 fl 





g 


-2 


<1 


S 


B 




<i> 


»J4 


OQ 










s 





Q 




S 



Tempera- 
ture 



1 



is 






;^ 



O 



P 





Correction on account of 


Observed 


(D 




£ 




M^ 




Time of 


i 




2 







£ 


Vibration 


iS 


g 

< 


g 


h4 












1 





ft 


tH 



Reduced 
Time of 
Vibration 



Mohan. 

16-17 March, 1907. 





h m 


« 


« 


/ 


^0 







»37 


847 


34-403 


- 1-92 


19 


1657 


+ 0-0S; 


0-885 


139 


9 44 


34-845 


1-92 


20 


1662 


0*05 


0-885 


138 


10 44 


33-3»6 


1-92 


20 


16*69 


0-05 


0884 


140 


li 43 


35-188 


1-92 


>9 


16*72 


0-05 


0-884 


137 


20 53 


34*402 


- I 92 


20 


1658 


+ 0-05 


0885 


<39 


21 50 


34-844 


1-92 


t9 


1667 


0-05 


0885 


138 


32 50 


33-316 


192 


20 


16*72 


0-05 


0885 


140 


^3 49 


35-«83 


I 92 


19 


i6-73 


0*05 


0884 



0-5073741 


+ >i3 


-10 


- 812 




- B26 


-71 


05072790 


H3 


11 


814 




536 


71 


0-5076182 


H3 


. 11 


818 


•« 


506 


71 


0-5072071 


"3 


10 


819 


a. 

OS 


536 

Mean 


7' 


05073741 


+ i»3 


-II 


- 813 





- 526 


-71 


0-5072792 


113. 10 


817 




536 


7« 


0-5076182 


113 II 


819 




506 


7i 


0*5072080 


113' 10 


820 




536 


7» 






Mean ... 


Time of Vibration of Mean Pendulum 





0-507*435 
0*5071471 

0*5074889 

0*5070748 

0-5072386 

05072434 
0-507I47I 
0*5074888 
05070756 

0-5072387 

0*9072387 



140 

138 

137 


9 46 

10 47 

11 47 


35-183 

33'3iS 
34-840 
34 396 


- 1*84 
1*84 
1*84 
1*84 


20 
20 
20 
18 


16*76 

i6*73 
16-67 

16*56 


-0*07 
0*07 
0*07 
0*07 


0-886 
0-887 
0-887 
0-887 


140 
138 
139 


20 49 

21 50 

32 49 


35-205 
33-328 
34 848 


- I 84 
1-84 
1-84 


21 
21 

20 


•5*88 
16*06 
16*18 


+ 0*15 
0*15 
0-15 


0889 
0-889 
0*888 


137 


23 SO 


34-393 


1-84 


18 


^^'33 


o-iS 


0-888 



17-18 Marchf 1907. 
0*5072081 
0*5076188 
0-5072802 
0-5073756 



0-5072036 

0-5076155 
05072786 
0*5073761 



+ 108 


— II 


- 821 




- 537 


108 


1 1 


820 




507 


108 


41 


817 


'2 


538 


108 


9 


811 


.2 
1 

s 


527 
Mean 


f 108 


— 12 


- 778 





- 539 


108 


12 


786 


SC 


509 


108 


11 


793 




538 


108 


9 


800 




527 



Mean 
Time of Vibration of Mean Pendulum 



0*5070749 
0*5074887 

o*507<473 
0*5072446 

0-5072389 

0-5070744 
0-5074885 
0*507 1481 
0*507 2462 

0-5072393 
0*5072391 



Asarorl. 
24-25 March, 1907. 





h m 


« 


« 


/ 










137 


9 SO 


34-265 


+ 1-99 


31 


16*00 


+ 0*05 


0*861 


139 


10 49 


34- 704 


1*99 


19 


16-07 


0*05 


0-861 


'38 


11 48 


33-193 


1-99 


22 


l6'I3 


0*05 


0-860 


140 


13 47 


35-044 


1*99 


32 


16' 14 


005 


o*86o 


131 


21 57 


34-245 


+ 1-99 


21 


16-73 


O'OO 


0860 


139 


22 56 


34-686 


1*99 


21 


i6-73 


o-oo 


0859 


138 


23 54 


.«-'77 


1*99 


22 


16-73 


0*00 


0-860 


140 


50 


35-029 


1-99 


31 


>6-73 


0*00 


0-859 



s 

0-5074042 


- 117 


-12 


- 784 




- S" 


-50 


o* 5073090 


"7 


10 


787 




522 


SO 


0-5076468 


»«7 


i3 


790 


'2 


492 


50 


0*5072371 


117 


>3 


791 


1 


521 

Mean 


SO 


0*5074085 


- 117 


-12 


- 820 





- 5»> 


-50 


0*5073129 


i»7 


12 


820 


T, 


521 


50 


0*5076507 


117 


»3 


820 




492 


SO 


0-5072403 1 ii7« 12 


820 




521 
Mean 


50 


Tin 


MofV 


ibrati 


on of Id 


[ean Pe 


ndulum 


• •a 



0-5073568 

0*5071604 
0*5075006 
05070879 

0-5072514 
05072575 

0*507 1609 
0-5075015 
05070883 

0-5072521 

0*5072517 



140 


958 


35 •032 


-f 2-05 


23 


i6-6i 


+ 0*04 


0860 


138 


10 57 


33-177 


2*05 


22 


16 65 


0*04 


0860 


139 


" 54 


34-689 


2*05 


21 


16*68 


0-04 


0*859 


«37 


" 57 


34-247 


2*05 


>9 


16*71 


0*04 


0857 


140 


20 9 


35-038 


+ 2-05 


32 


16*50 


+ o*io 


o*86o 


138 


21 8 


33-i8i 


2-05 


33 


16-55 


O'lO 


0859 


»39 


22 3 


■54-690 


2*05 


33 


16*68 


0*10 


0-859 


137 


2258 


34-246 


2-05 


20 


16 -74 


O'lO 


0859 



35-36 March, 1907. 

0-5072396 
0*5076507 
o- 50731 23 
0*5074083 



0-5072 -585 
0-5076498 
0-5073118 
0-5074085 



— 120 


*-J4 


- 814 




- 521 


120 


«3 


816 




492 


120 


13 


817 


*« 


521 


1 30 


10 


819 


.2 
1 


509 
Mean 


— 130 


-»3 


- 809 


^ 


- 521 


130 


13 


811 


^ 


419 


120 


«3 


817 




521 


130{ 


11 


830 




510 



-50 
50 

50 

50 



■50 
50 
50 

so 



Mean 
Time of Vibration of Mean Pendulum 



0*5070877 
o-5075of6 
0-5071603 
0-5072574 
0-5073518 

0-5070872 
0-5075013 
0-5071597 
0-5072574 

0-5072514 
0*9072516 



Ji 
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Table II. Details of the Observation8^^(Coniinued). 



^57 



B 



139 
140 



140 

139 
"37 



140 
138 
'39 
«37 



'3 

£ 
'd5 



10 

.a p 

OM 



I 



4 



s 



Tempera- 
ture 



13 

^ a 



^ 2 

O P4 



^ 



-Si 
^ 



§ 
P 



ObBenred 

Time of 

Vibration 



Correction oa account of 



o 



2 

g 



I 



g 

p 



Seduced 
Time of 
Vibration 



16-37 March, 1907. 



h m 

9 55 
10 52 

ai 55 
aa 56 



34 244 
34-685 

33''76 
35025 



$ 

a-05 
ao5 

a-05 
2*05 



1677 
1677 



i6*8o 



O'OO 
O'OO 



0-859 
0-859 



+ 0*04 o-86i 
0-04 o'86i 



o- 5074088 
o*5073'3i 



0-5076509 
0-5072411 



- 120 


-13 


- 822 


-s 


- Sio 


lao 


12 


822 


'ft 


521 


- 120 


— II 


- 819 


^ 


- 492 


120 


12 


823 


^ 


522 



50 
-50 

so 



Time of Vibration of Mean Pendulum . . . 

Mean 25-27 ... 

General Mean ... 



0*507257^ 
0-507 1606 

0-5075017 
0-5070884 

0-5072520 
0*5072518 
0-5072518 



Fatehpup. 
4-5 April, 1907. 





A IM 


# 


s 


1 





e 




'37 


10 16 


34-149 


+ 419 


21 


2272 


— 009 


0-869 


«39 


II 17 


34*594 


419 


21 


22 '60 


0*09 


0870 


'38 


12 18 


33-09' 


419 


'7 


2252 


009 


0.871 


140 


13 18 


34 '934 


419 


20 


2242 


0-09 


0-870 


'37 


22 16 


34-160 


+ 4-'9 


21 


22-31 


+ 0-II 


0870 


139 


23 18 


34*599 


4*19 


21 


a2'38 


o-ii 


0-868 


138 


18 


33 092 


4-19 


22 


12-51 


O'll 


0-868 


140 


I 17 


34*93" 


4-19 


21 


22-60 


O-II 


0867 



0-5074297 


- 246 


— la 


-1113 




- S'6 


-66 


05073327 


346 


12 


1 107 




527 


66 


0-5076707 


246 


8 


1103 


'^ 


498 


66 


0-5072603 


246 


II 


1099 


1 


527 
Mean 


66 


05074271 


- 346 


— la 


-1093 


^ 


- 5'7 


-66 


o- 50733' 5 


246 


la 


1097 




526 


66 


o- 5076707 


246 


'3 


1 103 




496 


66 


0*5072609 


246 


13 


1107 




525 


66 






Mean 


... 


Tim 


eof V] 


brati 


on of ^ 


[ean Pe 


ndulum 


... 



0-5072344 
0-5071369 
0-5074786 
0-^070654 

0-5072288 

0-5072337 
0-5071368 

0-5074783 
05070653 

0-5072285 

0-5072287 



10 


«7 


34*905 


+ 4-58 


23 


23 -.S2 


-0 


08 


0-863 


II 


18 


33*069 


4-58 


20 


23 -22 





08 


0-864 


12 


'7 


,34*572 


4-58 


21 


23»3 





08 


0864 


'3 


18 


34-132 


4-58 


»9 


23 09 





08 


0865 


22 


aa 


.U-9" 


+ 4*58 


22 


22*90 


+ 


13 


0-865 


23 


23 


33-066 


4-58 


22 


22-99 





'3 


0-864 





23 


34-566 


4-58 


21 


23*'3 





'3 


0-864 


I 


25 


34* 121 


4-58 


20 


23*29 





'3 


0-862 



5-6 April, 1907. 



o- 507 2663 
0-5076761 
05073376 
0-5074335 



0-5072652 
0-5076765 
o- 5073387 
o* 5074359 



— 269 


-'4 


-"43 




[- 523 


269 


II 


1138 




494 


369 


12 


^^Z}^ 


t 


524 


369 


10 


"3' 


\ 


S'4 
Mean 


- 369 


-'3 


-1122 


T^ 


- SH 


369 


'3 


1127 


^ 


494 


169 


12 


^^11 




524 


369 


II 


1141 




5»2 



-66 
66 
66 
66 



-66 
66 
66 
66 



Mean 
Time of Vibratior? 0! Mean Pendulum 



0*5070648 
0-5074783 
0-5071372 
0-5072345 
0-5072287 

0-5070658 
05074796 

o-507»383 
0-5072360 

0-5072299 

5072293 





h m 


a 


t 


J . 










«37 


10 40 


34-310 


+ 0-07 


33 


34-09 


— o-oi 


0-860 


'39 


II 38 


.H-656 


0-07 


31 


34-09 


o-oi 


o-86o 


138 


13 4' 


33- '49 


0-07 


31 


34 09 


o-oi 


0-860 


140 


'3 38 


34-996 


0-07 


31 


34*06 


0*OI 


0-860 


'37 


33 47 
23 46 


34*235 


+ 0-07 


31 


23-5' 


+ o*ii 


0-861 


139 


34*663 


0-07 


33 


33*63 


O-II 


0-861 


138 


46 


33* '52 


0-07 


33 


23 '73 


Oil 


0-859 


140 


1 46 


34*997 


0-07 


30 


23*87 


O'll 


0-859 



Kalsi, 
9-10 April, igo7> 



0-5074163 
o'5073'95 
0-5076571 
0-5073473 



0*5074 I 30 
0-5073180 
0-5076566 
0-5073470 



- 4 


-'3 


-1180 




- s«« 


-69 


4 


12 


1 180 




S»i 


69 


4 


12 


1 180 


1 


49» 


69 


4 


12 


1179 


1 


S2I 

Mean 


69 


- 4 


-12 


-1152 


1 


- S'» 


-69 


4 


'3 


"57 




S" 


69 


4 


'3 


.163 




49' 


69 


4 


11 


1170 




S»> 


69 



Time of Vibration of Mean Pendulcmi 



Tqffl 



0*5072385 
0-5071409 
0-5074814 
0-5070687 

0-5073324 

0-5073383 

o'S07'4'5 
0*50748 36 
0-5070695 

0*50723:9 

0-5072327 
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Table II. Details of the Observationa — (Continued). ' 





6 
IS 


Coincidence 
Interval 


1 

§ 


g 

1 


Tempera- 
ture 


< 


Observed 

Time of 

Vibration 


Correction on account of 


Seduced 
Time of 
Vibration 


h 




3 


1 

6 


1 


£ 

1 

1 


1 


(5 


i 
1 




lo-ii April, 1907. 




140 
138 
139 

»37 


h m 
10 53 
li SI 
12 48 
'3 49 


34*999 
33- 149 
34664 
34-221 


9 

+ 0-03 
0*03 
0-03 
0*03 


/ 
23 

22 
22 
20 


23 70 
2370 
23 64 

23*55 


-0*05 
005 
005 
0*05 


o*86o 
o*86o 
0*860 
0859 


0*5072465 
0*5076571 
0*5073178 
0-5074138 


— 3 
3 

3 
3 


-14 
13 
13 
11 


— 1161 
1161 
1158 
1 154 


et 


- 521 
492 
521 
5»o 

Mean 


69 


0*5070608 
0-5074834 
0-5071415 
0*5072392 

0-5072335 


140 
138 
»39 
i37 


22 58 

23 60 
54 
« 55 


35-025 
33-167 

3467' 
34-222 


+ 0*03 
0*03 
0*03 
0-03 


20 

23 
21 

'9 


22*92 

23*06 
23*18 
23*33 


+ 0-14 
014 
014 
0*14 


0865 
0863 
0*863 
o*86i 


0-5072411 
0-5076530 
0*5073160 
o-5074»36 


— 3 
3 
3 
3 


-II 

14 
12 
10 


-1123 
1130 
1136 

*»43 


t 
^ 


- 524 
494 
523 
5" 


.69 

69 


0*5070682 
0-5074821 
0'507"4i8 
0-5072401 




Mean 


... 


0*5073330 




Tiin« of Tibration «f Umu Fendulum 


*- 


0-5072333 




Reypur, 






1S-19 April, [907, 




137 
»3Q 
138 
140 


h m 

11 32 

12 30 

13 30 

14 29 


t 
34-332 
34-776 
33*254 
35-i»4 


r 

- 5-18 

5-18 

S18 

5-'8 


t 
23 
23 
24 
22 


18*^92 
18*96 
1907 
19*12 


+ o*o8 
008 
0*08 
008 


0-825 
0*825 
0*823 
0*823 


t 
0-5073896 
o* 507 293 7 
o- 5076327 
0*5072226 


+ 304 
304 
304 
304 


-14 

14 
15 

'3 


- 927 
929 

934 
937 


'2 
1 

■g 


- 490 

500 

47> 

499 

Mean 


-55 
55 
55 
55 


t 
0-5073714 

0-5071743 
0*5075156 
0*507 1026 

0-5072660 


'37 
139 
138 
140 


23 30 

29 

1 30 
a 30 


34-325 
34-765 
33 243 
35-099 


- S-18 
5-18 

5-i8 


23 
23 
23 
22 


19*10 
19*28 
19-45 
19*63 


+ 018 
0*18 
0*18 
o*i8 


0824 
0*823 
0*823 
0*823 


o-50739«o 
o* 507 2960 
05076352 
0-5072257 


+ 304 
304 
304 
304 


-14 
M 
14 
»3 


- 936 
945 
953 
962 


iz; 


- 489 
499 
47 > 
498 


-55 
55 
55 
55 


0*5073720 
0*5071751 
0-5075 163 
0-5071033 




Mean 


... 


0*5072667 




Time of Vibration of Mean Pendulum 


... 


0*5072663 




19-ao April, 1907. 


1 


140 
138 
«39 
»37 


11 24 

12 24 

13 21 

14 21 


35-085 
33-230 
34-749 
34 303 


- 5-21 

5*21 

5-21 

5-21 


24 
23 
21 

20 


20*03 
19-94 
19*88 
19-83 


—0*07 
0*07 
0-07 
0-07 


0-822 
0*823 
0*822 
0-822 


0*5072286 
0-5076382 
0-5072995 
0-5073958 


+ 306 
306 

306 


-»5 

14 
12 
II 


- 981 
977 
974 
972 


1 


-498 
471 
498 
488 

Mean 


-55 
55 
55 
55 


0-5071043 
0-5075171 
0*5071 763 
0*5072738 

0*5073679 


140 
'38 
»39 
>37 


a3 39 
I 26 

3 22 


35-109 
33 246 
34-759 
34-306 




23 
22 
22 
20 


19*68 
19 '80 
19*99 

20*30 


+ 0-19 
0*19 

•0*19 
0*19 


0-822 
0*822 
0*820 
0-820 


0-5072233 
0*5076346 
0*5072973 
o* 507395* 


+ 306 

306 
306 


-14 

'3 
»3 
11 


- 964 
970 
980 
990 


J25 


- 498 

470 


-55 
55 
55 

55 


0-5071008 
0*5075144 

0-5071734 
0-5073714 




Ueaii 


,.. 


0*5071650 




Time of Tibntioo of Meui Fendulum 


- 


0*6072664 




Dehra Dun. 




, 


29-30 Marcil 1907. 




137 
139 
'38 
140 


& m 

10 19 

11 20 

12 20 

13 18 


t 
34-496 
34*944 

35*288 


* 

- 8-»7 

8-27 

8-»7 

8-»7 


21 

>7 

20 

31 


18*69 
18*70 
18*69 
18*67 


a 

-0*01 

0*01 

o-oi 

0*0i 


0863 
0*863 
0863 
0*863 


t 
0-5073538 
0-5072583 
0* 5075965 
0*5071862 


+ 485 

485 
485 
485 


— 12 

8 

11 

12 


— 916 
916 
916 
915 


1 

1 


- 513 
523 
494 
523 

Mean 


-49 
49 
49 
49 


0*5072533 
o'S07i57» 
0*5074980 
0-5070848 

0*5072483 


137 
139 
138 
140 


22 31 

23 30 

24 

1 22 


34-483 
34 929 
33*395 
35-276 


-8-a7 
827 
8»7 
8»7 


21 
21 
22 

ao 


'8-39 
18*47 
18-52 
18*53 


^■0-05 
0-05 
0-05 
o-os 


0*865 
0*863 
0-863 
0*863 


0-5073567 
0-5072613 

0-5075998 

0-5071888 


+ 48s 
485 
485 
485 


-12 
12 

13 
11 


- 901 
90s 
907 
907 


■s 


- 5M 
523 
494 
523 


-49 
49 
49 
49 


0-5073576 
0*5071609 
0*5075030 
0*5070883 




Mean 


... 


0*5073523 




Time of VibRktioa of Mean Pendulum 


... 


05072503 
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Table II. Details of the Observationt'~(Continued). 



159 






B 


9 


H 


'3 


^:j 




i 


-?* 





(14 


^ 



CJQ 



.S fl 



O 



Tempera- 
ture 



5 



O 



O P4 



i^ 



"■5 



P 



Observed 

Time of 

Vibration 



Correction on account of 



I 



o 



g 






Seduced 

Time of 

Vibration 



23-24 April 1907. 





h m 


i 


« 


/ 










»37 


II 50 


34-«'5 


- 2*07 


19 


24*00 


-0*05 


0-837 


«39 


12 49 


34*662 


2*07 


20 


2401 


0*05 


0837 


138 


'3 49 


33- '54 


2-07 


21 


23 -93 


0-05 


0838 


140 


i4 47 


35011 


2*07 


20 


33-88 


0-05 


0838 


137 


»3 57 


34-213 


- 2*07 


20 


a3-93 


4-0*12 


0*838 


139 


56 


34-653 


2*07 


20 


24*08 


0'12 


0-837 


138 


156 


^^''fl 


2*07 


21 


24*17 


0*I2 


0-836 


140 


a 54 


34-988 


2*07 


ao 


H-3' 


o*ia 


0836 



9 

0-50741 5" 
o-5073>8f 
0*5076560 
0*5072440 


+ 122 
122 
122 
122 


1 

-10 
11 
12 
II 


-1176 
1176 

1173 
1170 


1 


- 497 
507 
479 
508 

Mean 


-39 
39 
39 
39 

••• 


0-5074157 
0*5073202 

0*5076587 
0*5072490 


+ 122 
122 
122 
122 


-II 
11 
12 
II 


-'173 
1180 
1 184 
1191 


1 


- 498 
507 
478 

'507 


-39 
39 
39 
39 






Mean 


... 


Time of Vibration of Mean Pendulum 


... 



o-507a55» 
o-5o7>57o 

05074979 
0-5070834 

0*5072484 

0-507*558 
o-507t587 
0*5074996 
0*5070864 

0*507250 

0*5072493 



140 


" 55 


34-972 


- 207 


21 


24*67 


-013 


0*836 


1.^8 


12 55 


33-132 


2-07 


21 


24-57 


0*13 


0837 


<39 


«3 51 


34-64' 


2*07 


20 


24 -43 


013 


0-839 


>37 


H 49 


34-200 


2*07 


'9 


24-33 


o-'3 


0*838 


140 


23 58 


34-974 


- 2*07 


22 


24-49 


+ 0*12 


0-837 


138 


058 


33-127 


2*07 


21 


24-55 


0*12 


0*837 


1.^9 


2 I 


34-628 


2*07 


20 


24-7' 


0*12 


0836 


«37 


3 a 


34 185 


2*07 


19 


2481 


0*12 


0-835 



24-25 April 1907. 



0*5072523 
0*5076612 
0*5073226 
o- 5074185 



0*5072520 
0*5076625 
0-5073252 
0*5074217 



+ 122 


— 12 


-1209 




- 507 


122 


12 


1204 




479 


122 


fl 


"97 


TJ 


508 


122 


10 


1192 


OS 


498 








Mean 


+ 122 


-13 


— 1200 


^ 


- .S07 


122 


12 


1203 


^ 


479 


122 


11 


1211 




507 


122 


10 


1216 




496 



-39 
39 
39 
39 



-39 
39 
39 
39 



Mean 
Time of Vibration of Mean Pendulum 



0.5070878 
0*5075000 

o-507'593 
0*5072568 

0*507 2510 

0*5070883 

0-5075014 
0*507 1606 

0-5072578 
0*5072520 
0*5072515 



"37 


12 2 


34- 'S6 


- 1-03 


21 


25-3' 


-0*02 


0-834 


<.^9 


13 


34-594 


1-03 


20 


25 29 


0-02 


0-836 


'38 


14 


33 089 


1-03 


21 


25-27 


0*02 


0-836 


140 


'4 56 


34 932 


I 03 


20 


25 -24 


0*02 


0*836 


'37 


5 


34-154 


- I -03 


21 


25 '4 


+ 0*15 


0835 


**^2 
•38 


I 14 


34-594 


«-03 


22 


25-3^ 


o-'S 


0-835 


2 14 


33 083 


103 


'9 


25-52 


0-I5 


0834 


140 


3 " 


34-930 


'-03 


17 


25-59 


o*i5 


0-833 



27-28 April, 1907. 



0*5074281 
0-5073328 
0*5076712 
0*5072608 



0*5074286 
0*5073328 
o- 5076727 
0-5072611 



+ 60 


— 12 


-1240 




- 495 


60 


11 


'239 




507 


60 


12 


1238 


'2 


478 


60 


II 


1237 


1 


507 
Mean 


+ 60 


— 12 


-IJ32 





- 496 


60 


13 


1241 




506 


60 


10 


1250 




477 


60 


8 


1254I 




505 



-39 
39 
39 
39 



-39 
39 
39 
39 



Mean 
QKme of Vibration of Mean Pendulum 



0-5072555 
0*5071592 
0*5075005 
0*5070874 

0*5072507 

0*5072567 
0*5071588 
0-507501 1 
05070865 

0*5072508 

0*5072507 
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THE TIME OF VIBRATION AT DEHRA DUK. 

The observations at Dehra Dun in November give valoes o£ the times of vibration which 
agree well with those of the previous April, namely :— 



Pendolnm 


187 


188 


189 


140 


Mean 


April, 1906 


O-607J598 


O-5076O01 


0*&07l6e» 


0-6070860 


0-6072616 


Not., 1906 


0*6072698 


0-6076006 


0-6071699 


0-6070866 


0-6072517 



Bat the observatioiis at Hardwftr shewed that a change had taken place in Pendnlam 
Kg. 137 relatively to the others since the conclusion of the work at Dehra. I have no suggestion 
to offer as to the cause of this change ; the journey is a very short one^ the pendulums were pack- 
ed and handled with the usual care and no accident of any kind is believed to have occurred. 

To decide upon the best value of the time of vibration at Dehra Dun it is again neces- 
sary to have recourse to the differences between the individual pendulums and the mean pendnlum. 
They are exhibited in Table III^ the mean values at each station being given. At the beginning 
of the table the mean values for the former season^ as shewn in Table lY^ Chapter lY, are 
entered for comparison. 

Table III. — Differences between Individual Pendulums and Mean Pendulum. 



station 


Date 


187 


▼ 


188 


' ▼ 


189 


V 


140 


T 


Mean of aU stations 


190606 


- 79 


... 


- 2488 


... 


+ 912 


••• 


+ i^hh 


... 


Dehra Didn 


1906 
Not. 26-29 


8i 


... 


2488 


... 


918 
+ 909 


.•• 


1651 


•■• 


Ha»lw6r 


1906 
Deo. 7-10 


- sa 


+ 3 


- asoo 


- 3 


- 3 


"645 


+ 6 


Boorkee 


« 16-21 


55 


2497 





912 





1640 




NojU 


„ 26.29 


50 


+ 5 


2499 


- 2 


907 


- 5 


1 641 




KaU&na 


1907 
Jan. 4-11 


5' 




2500 


3 


909 


3 


1641 




Meerat 


8 1 -Feb. 25 


50 




2496 


+ I 


909 


3 


1636 


- 3 


Gesnptu* 


March 8- 6 


56 


- I 


2498 


- I 


914 


•h 2 


1640 


4- I 


Mohan 


u 16-18 


56 




3498 




9«5 


3 


1640 




Asarori 


24-27 


56 




2496 


+ I 


912 





1638 


- I 


Fatehpur 


April 4- 6 


57 


»' a 


2496 




917 


+ 5 


1637 




Kilsi 


9-11 


61 




2493 




9'5 


3 


1^39 




Bijpup 


18-20 


58 




2494 


3 


916 


4 


1637 


- 2 


Dehra Dtin 


March 29-80) 
April 28-28) *• 


55 




2497 





915 


3 


1638 




Mean 


55 


*•• 


2497 


... 


912 


... 


1639 


... 
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It trill be «een tbat tf ter tlie ehange in Pendulam No. 137 took place^ its length remained 
Merably constant* There is some evidence of a tendency to return towards its former state, but 
the amount of the movement is not large enough to be taken into account. 

Accepting the mean of the two values at the top of the table to represent the former 
relations of the penduluma, and the means of all the values from December to April to represent 
their new relations, and assuming that Pendulum No. 137 alone changed its length and that it 
did so by an amount causing a decrement of « in its time of vibration, we have 



Whence 
And the meaa 



^= (80- 55); 1= (2497-2488) or (915-912) or (1658-1639) 
J? = 83 or 86 or 12 or 56 

iP = 84 



It will therefore be necessary to reduce the time of vibration of Pendulum No. 187 at 
Dehra Dun in November by 84" x lO"', in order to produce the period which the pendulum would 
haFjs had i£ its length had then been the same as it was during the remainder of the season. 

Thus the times of iribration at Dehra Dun before and after the season's work become :— 

Table IV. — Times of Vibration at Dehra Ddn. 



IMw 


l»7 


188 


199 


140 


Mmu 


NoTemW, 1906 


o' 5072564 


0-5075005 


0*5071599 


0*5070866 


0-5072508 


Ifarch-AprU, 1907 


0-5072560 


0-5075002 


0-5071590 


0-5070867 


0-5072505 


Means 


0-5072562 


0' 6075004 


0* 5071595 


0-5070867 


0-5072507 



The value of g at each station has been computed from the differences from the above 
mean 4»mes of vibration at Dehra Don^ employing, as before, the value 979*063 for g at Dehra 
Puu^ aftd the formula 



g^ffo- 



Zffo (*-*o) 
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Table V^^—Mean Times of Vibration and Deduced Vatuei of g. 



station 


187 


188 


139 


140 Mean 


Hardwir 

9- 


0-507340^ 

- 157 

979- 134 


«-50748s3 

- i5> 

979*121 


0*5071444 

- 151 
979- 121 


0-^070708 

- 159 

979' 1*4 


0-507*353 

- »54 

979-122 


9, 

Boorkee 

9- 


0-5073390 

- 172 

979-129 


6-5074832 

- 172 

979129 


0-5071433 

- 172 

979 129 


0-5070695 

- 172 

979-129 


0-507*335 

- 172 

979* 129 


9, 

NojU 


0-5073349 
- 313 

979- M5 


0-5074798 

— 206 

979* 142 


0*5071392 

- 203 

979- '41 


0-5070658 

- 209 

979* 144 


05072299 

- 208 

979' 143 


9, 

Eali£ttft 

9- 


0-5072321 
979- 156 


0-5074770 

-334 

979' «53 


0*5071361 

- 234 

979- >53 


0- 5070629 
979155 


0-5072270 

- *37 

979*154 


9. 

Meerut 

9- 


0-5072328 

-• 334 

979* «53 


0-5074774 

- 330 

979*152 


0-507I369 

- 226 

979* 150 


0-5070642 

- 225 

979-150 


0-5072278 

.- 339 

97915' 


9, 

Gesupur 

9- 


0*5072402 

— 160 

979-125 


0*5074844 

- 160 

979* 125 


0-507143* 

- 163 

979* 126 


0*5070706 

- 161 

979- 1*5 


0-5072346 

- 161 

979-125 


9. 

Mohan 

9* 


©•507*445 

- 117 

979*108 


0*5074887 

- 117 

979*108 


0-5071474 

-121 

979* 110 


0-5070749 
979*109 


0-507*389 
979-109 


9, 

ABarori 

9- 


0-5072573 
+ 11 

979059 


0-5075013 
979060 


0- 507 1605 

+ 10 

979*059 


0*5070879 

•f 12 

979058 


0-5072517 

+ 10 

979 '059 


9, 

Fatehpor 

9- 


0-5073347 

- 215 

979-146 


0-5074786 

- 218 

979- 147 


o-507»373 
- 222 

979-149 


. 0-5070653 

" "4 
979* 146 


0*5072290 

- 217 

979147 


Kilsi 

9- 


0- 5072391 

- 171 

979* 129 


0-5074823 

- 181 

979' » 33 


0-5071415 
- 180 

979-13* 


■0-5070691 

- 176 

979* i3t 


0*5072330 

- 177 

979' 131 


Bajpur 

9' 


0-5072722 

+ 160 

979-001 


0-5075»s8 

+ 154 

.979 004 


o«507i748 

+ 153 

979-004 


0-5071027 

+ 160 

979-001 


0*5072664 

+ 157 
979002 
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The OrograpMcal Corrections. 

The possible effect of the Siwdlik and Himalayan ranges has had to be considered at all 
the stations of this season^ with the exception of Kali^na^ Meerut and Gesupur. 

It was clear that the efEect at Nojli and Boorkee would be small^ probably inappreciable^ 
80 1 examined them first. 

Orographical Correction at Nojlu 

Meight 879 feet. 

At Nojli the Siw&liks may be looked upon as occupying a quarter-zone of which the inner 
radius is 24i miles, the outer 32 miles, and the height 2500 feet. The Himalayas may be consi* 
dered to consist of a mass 6000 feet high subtending an angle of 125^ at the station^ and extend- 
ing from 45 miles to an indefinite distance. 

Thus the " effect/' using this word in the same way as in Chapter II, of the two ranges is 

1 1600' /I 1\ . 125 5100« 



4 



/I - lU 1?5.^122! /1\> X 00001894 = 19-6. 
\24 32/^860 2 \^45/5 



The orographical correction is therefore . 

19-6 X -000035 = 000069 



Orographical Correction at Roorkee. 
Seight 867 feet. 

Within the 33-mile radius the hills, partly Siwfilik and partly Himalayan, may be consi- 
dered to consist of a wedge-shaped block 30O0 feet high, subtending an angle of 36^ at the pen- 
dulum station, and bounded by circles of 26 and 35 miles radii. 

Beyond the 35-mile radius the Himalayas may be equated to a mass 6000 feet high occu- 
pying 130^ of a zone of which the inner radius is 40 miles and the outer of indefinitely great 
length. 

Thus the effect is 

r^ 210^/1 _1\130510^^2K 00001894 - 22-6 
[860 ''^^''^26 35; ^ 360 "" ^ "" 40) "" ««Wi894 - 22 6. 

The orographical correction is therefore 

22-6 X 0-000035 = 000079. 



The other stations require more careful treatment as considerable inequalities lie within 
the 85-mil6 radius in every case. The analysis is shewn in the following tables;^ 
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Table Vl.-^Orographical Correction at Eardwdr. 

Height 949 feet. 

(The inequalities within 1 mile of the station may be disregarded.) 



No. of Zone 


1 


2 


8 


4 


6 


6 


7 


Inner radius 
Outer radius 


1 mile . 

2 miles 


2 miles 
8 „ 


8 miles 
4 „ 


4 miles 
6 „ 


6 miles 

7 ,. 


7 miles 
10 „ 


10 miles 
15 „ 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
950 


0-65 


0*60 


054 


©•49 


o'S3 


0-S4 


0*50 


1260 


•«7 


'^A 


•33 


•31 


•35 


•3> 


•a3 


1760 


*o8 


•>4 


•13 


•13 


•07 


•09 


«o6 


2250 




•oa 




'07 


•OS 


•06 


•10 


2760 














•6 


8260 














•03 


8750 














*0I 


4260 














•01 


Effect 


3-6 


a-3 


09 


I'l 


09 


08 


rs 


No. of Zone 


8 






9 






10 


Inner radius 
Outer radius 


15 miles 
20 „ 


20 miles 
26 „ 


25 miles 
86 „ 


Height 


Si-aetion 


Fraction 


Fraction 


/•0t 
950 


0-48 




0-48 




0-47 


1500 


•«3 


'13 


•09 


2500 


•OS 


•09 


•10 


8000 


•IS 


•12 


•14 


5000 


•09 




m8 




•H 


7000 








•OS 


8500 








*0I 


Effect 


3-7 


3-5 


1 



Total effect of zon^ within 35emile radii^ = 25 * 1 
OrogFftphii^ corr^pUou = 25*1 ;k '000085 =: 0*00088 
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The regions lying beyond the 35-mile radius may be classified as follows : 
Azimuth 
(from S. by W.) Mean height 



O' 

to 180 ... 


.. 900 


130 „ 180 ... 


.. 5000 


180 „ 230 ... 


.. 7000 


230 „ 270 ... 


.. 5000 


270 „ 800 ... 


.. 8000 


800 „ 360 ... 


... 900 



The resulting orographicai correction is 

• 000092 

Hence the total orographicai correction is 0*0009 + 0*0009 

= 00018 



Mohan. 

The immediate surroundings may be taken into account by considering that the station 
is on the vertex of a cone^ the base of which has a radius of \ mile^ and the sides a slope of 1 in 6. 

The orographicai correction is the difference between the attraction of this cone and that 
of a cylinder of equal height on the same base. 

The attraction of the cylinder = * f A + r — y^r* + A^) 

The attraction of the cone ^ kih ) 

Difference = kr (\ — \ 

\ Vr* + A7 

Here ^-^'> ^ = 1320 feet; k = 0000035 

Therefore the difference of attractions 

= 1320 (1 - 0-9864) X 0000035 
= 00063 

Table VII. — Orographicai Correction at Mohan. 
Height 1660 feet. 



No. of Zone 


1 


2 


No. of Zone 


3 


4 


6 


9 


7 


Inner Ksdius 
Outer Badius 


1320 feet 
2640 „ 


2640 feet 
5280 „ 


Inner Kadius 
Outer Badius 


1 mile 

2 miles 


2 miles 
8 „ 


3 miles 
5 ,. 


Smiles 

7 „ 


7 miles 
10 „ 


Height 


Fraction 


JB^raetion 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
1400 


o'oa 


O'lJ 


900 






©•aa 


0-33 


0-37 


1560 


•46 


•40 


1250 


033 


0*40 


•16 


•11 


•08 


im 


-.37 


•«9 


1500 


n 


•09 


•08 


•04 


•aa 


2100 


•15 


•19 


2250 


n 


•39 


•a; 


'3S 


-a6 








2700 


•19 


•la 


'>7 


•19 


•07 


Effect 


7-S 


S'2 


Effect 


i6s 


53 


6*6 


a-9 


1-6 
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Tabl^ nii^OrogtaphiciA Cortefflkm nt Moktm— {Continued). 



No. of Zone 


8 


9 


10 


11 


Inner Sadius 
Outer BadiuB 


10 miles 
16 „ 


15 miles 
20 „ 


20 miles 
25 „ 


25 miles 
35 „ 


Height 


Ftaeiian 


Fraction 


JPraetion 


JFraetion 

• 


feei 

goo 


o*39 


o-4a 


0-45 


0*44 


1660 


•3* 


•29 


•27 


•J3 


2500 


•a9 


•o6 






8000 




•17 


•09 


'13 


5000 




•OS 


•II 


•16 


7000 




•oi 


•08 


•la 


«O0D 








•oa 


Efiect 


1-3 


a-3 


3-7 


71 



Total effect of zones within 35-mile radius =60*2 

Orographical con;ection = 60*2 x 0- 000035 = 0- 00211 

The masses lying beyond the 3&-mile radius maj be classified as follows : — 
Azimuth 
(From S. by W.) Hean Height 

feet 
900 
5000 
7000 
5000 
3000 
900 



Hence the total orographical correction is 






to 


130 


• •• 


130 


rt 


190 


• • • 


190 


n 


250 


■• • • 


250 


» 


280 


• • • 


280 


n 


305 


• •• 


805 





860 


• •« 


The resulting orographical 


correction h 








O'OOOTB 



0-X)0068 + 0*00211 + 0v00075 
= .0-00349 
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Table Vlll.-^Orographical Correction at Asarori. 
Meighi 2467 feet. 



No. of Zone 


1 


2 


8 


4 


5 


Inner Kadius 
Outer Hadius . 


600 feet 
1000 „ 


1000 feet 
1700 „ 


1700 feet 
2640 „ 


i mile 
1 » 


1 mile 

2 miles 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
1950 










0-I4 


2250 








0*30 


•26 


2350 


OMO 


©•o6 


0*07 






2450 


•41 


•28 


•21 


•43 


'ZB 


2550 


•41 


•40 


•40 






2660- 


•08 


•20 


•26 


•18 


•19 


2750 




•06 


•06 






2850 








•09 


•08 


Effect 


4*1 


34 


20 


3*3 




31 


No. of Zone 


6 


7 


8 


9 


10 


11 


12 


13 


Inner Badius 
Outer Badius 


2 miles 

3 „ 


3 miles 
6 „ 


5 miles 
7 ,. 


7 miles 
10 „ 


10 miles 
16 „ 


15 miles 
2P „ 


20 miles 
2i5 „ 


25 miles 
35 „ 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


900 








0*07 


0-24 


0-31 


0-38 


1 
0-45 


1250 






006 


*I2 










1500 










•29 


•30 


• 22 


•12 


1750 




0-27 


•»6 


•37 










2250 


0-77 


•56 


•54 


•36 


•12 


•06 






2700 


•23 


•17 


•14 


•08 


•q6 


•03 






8250 










•17 


•04 


•07 


•09 


5000 


' 








•10 


*I2 


•«5 


•20 


7000 










•02 


•12 


•>s 


*12 


8500 












•02 


•03 


•02 


Effect 


o'9 


60 


10 


1*1 


6-4 


1 8-1 


5*9 


60 



Total eflEect of zones within 35-mile radius = 51 •B 
Orographical correction = 51*3 x 0000035 = 0-0018 
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The outer regions may be divided up in the same way as in the case of Mohan^ but the 
height of the station being greater by 800 feet the resulting correction is slightly different ; its 
Talue is 

0-0006 

Hence total orographical correction is 0*0018 + 0*0006 

= 0-0024. 

Table IX. — Orographical Correction at Fatehpur. 

Beight 1434 feet. 

(Up to 8 roiles from the station the inequalities are not large enough to be taken into account.) 



No. of Zone 


1 


2 


8 


No. of Zone 


4 


5 


6 


7 


Inner Badius 
Outer KadiuB 


B miles 
6 „ 


5 miles 
7 „ 


7 miles 
10 ,. 


Inner Eadius 
Outer Badius 


10 miles 
15 „ 


15 miles 
20 „ 


20 miles 
25 „ 


25 miles 
»5 „ 


Height 


Fraeiion 


Fraction 


Fraction 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
ISOO 


014 


0*07 


0-17 


feet 
900 


0*07 


0-24 


0*33 


• 0-32 


1700 


•65 


•6s 


•36 


J 600 


•34 


•«3 


• 10 


•>s 


2260 


"3 


•15 


•16 


2500 


•II 


•09 


•04 


•02 


2500 




•03 


•14 


3000 


•25 


•17 


*I4 


•09 


2700 


•08 


•10 


•08 


6000 


•15 


•16 


•»7 


•09 


8500 






•05 


7000 


•08 


•19 


•16 


•«3 


4£00 






*03 


9000 




• 03 


•06 


•10 


5500 






•01 












Effect 


3-6 


1-8 


46 


)£fffict 


ifl'O 


'5-8 


10*6 


»S'i 



Total effect of zones within 85-miIe radius = 67*5 
Orographical correction =67-5 x 0000035 = 00024 
The outer regioQS may be estiroated ^ foUovs :— 
Azimuth 



(From S. by W.) 




Height 







feet 


to 120 ... 




... -900 


120 „ 200 ... 




,.. 5000 


200 „ 260 .,. 




... 7000 


260 „ 315 ... 




... 40(X) 


815 „ 860 ... 




... 900 


The resulting orographical correction is 






00009 




Heiice total orographical correction i 


s 0-0024 + 0-0009 


= 


00033 
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Kalsi. 



T)^e station is situated about 30 yards from the outer edge of a shelf of land below which 
flows the Jumna and above which stands the outer range of the Himalayas. 

Ai^ approximation to the ma38es witl^in 2^ radius of i mile may be made by assuming that 
the station is 100 feet from the edge of a clifE 100 feet high^ i^nd that if circles be described with 
radii of 100 feet and i mile respectively^ half the land enclosed between them will be at the sam^ 
level as the station and half 100 feet below it. 

The orographical correction on account of this half zone is 

0-00065 

iProm i mile to 85 miles the .analysis has been made in the usual way. 

Tahle X. — Orographicat Correction at Kdlri. 
Eeigkt 1684 feet. 



No. of Zone 


1 


No. of Zpne 


2 


3 


4 


5 


Inner Kadius 
Outer Eadius 


i mile 
1 « 


• Inner Badius 
Outer Eadius 


1 mile 
8 miles 


8 miles 
6 „ 


5 miles 

7 „ 


7 miles 
10 „ 


Height 


Fraction 


Height 


Fraction 


Sraction 


Fraction 


Fraction 


feet 
1&84 


0-67 


■feet 
1650 


027 


0*33 


0-34 


0*36 


1840 


•'7 


1860 


•as 


•09 




•07 


2^00 


•16 


2500 


•34 


•36 




•»3 






8500 


•10 


•31 




•13 


4600 


•06 


•16 




•18 


5550 




•05 




•"3 


6500 




•01 




•10 


7200 








•01 


Effect 


29- 1 


Effect 


64-6 


38-5 


a7-5 


36*0 
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Table Z.'-Orographieal CbfTedion at Edl»i—(Continited), 



^0. of Zone 


6 


7 


8 


'» 


Inlier Badiufc 
Out€ir Badhis » 


10 miles 
15 ,, 


15 mileft 
20 „ 


20 miles 
26 ., 


'25mnea 
«5 „ 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


feet 
900 




o'oa 


0-17 


0-30 


140O 


0'36 


•«7 


•12 


•m 


2500 , 


•II 


•14 


-oB 


•OS 


8000 


•19 


•«5 


•>4 


•<^8 


.6000 


•a6 


•la 


•47 


-^ 


7000 


•'"7 


'•ill 


•2*4 


•ai 


9000 


•bi 


•09 


•08 


•10 


10500 






. 


^01 


Effect 


26-7 


19-9 


,,•6 


14-7 



Total effect of zones within 85-mile radius ... ■= 25&*6 
Orographical correction = 2&9*6 x 0-000035 •» 0*00909. 

The regions outside the 35-mile radius may be classified as follows :— 



Azimuth 
(Prom S. by W.) 

o o 

to 125 

125 „ 195 

195 „ 255 

255 „ 295 

295 „ 340 

840 .. 360 



^Height 

feet 
900 
5000 
7000 
5000 
8000 
900 



Hie resulting orograpbical correction ia 0-00081 

ISence the total orograpiiical correction is 0*00065 + 0*00909 + 0*00081 

» 0*01055 
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Table Xt.-^Orographieal Correction at B&jpwr^ 

Height 3321 feet 

(Up to a radius of 500 feet the inequalities may be disregarded). 



No. of Zone 


1 


2 


8 


No. of Zone 


4 


5 Np. of Zone 


6 


7 


Inner Radius 
Outer Kadius 


600 feet 
1000 „ 


1000 feet 
1700 „ 


1700 feet 
2640 „ 


Inner Eadius 
Outer Eadius 


\ mile 
1 „ 


1 mile Inner Radius 

2 miles Outer Radius 


2 miles 

3 „ 


Smiles 
5 „ 


Height 


Fraction 


Fraction 


Fraction 


Height 


Fraction 


Fraction 


Height 


Fraction 


Fraction 


feei 
3050 




o'oa 


015 


feet 
2800 


o-iS 


0-30 


feet 
2300 


o- 


07 


0^17 


8150 


o-oi 


*I3 


•3« 


8150 


•43 


•20 


2900 




37 


•24 


8250 


•25 


•5' 


•26 


8600 


•33 


•II 


3700 




'7 


•II 


8350 


•70 


•35 


•II 


4500 


•09 


•21 


4500 




20 


•09 


8450 


•04 




•OS 


5500 




•>7 


5500 




>4 


•16 


,8560 






•06 


6500 




•01 


6500 


'• 


05 


•20 


8650 






•06 








7200 




'03 


Effect 


3*0 


»*5 


3*5 


Effect 


i8-2 


616 


Effect 


25' 


8 


45-8 


No. of Zone 


8 


9 


10 


11 


12 


13 


Inner Eadius 
Outer Eadius 


5 miles 

7 „ 


7 miles 
10 „ 


10 miles 
15 „ 


15 miles 
20 „ 


20 milcvEi 
25 „ 


25 miles 
85 ,. 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


Fraction 


F-aotion 


feet 
900 










0-66 


0^32 


1500 






0*30 


024 


•24 


•14 


2500 


©•43 


0*40 










.8000 






•27 


'23 


•22 


•12 


5000 


•28 


•29 


.•21 


•33 


•23 


•21 


7000 


•27 


•35 


•23 


•20 


•21 


•19 


8500 


•oa 


•06 










9000 






•09 


' 


•04 


•II 


10500 












•01 


Effect 


28-7 


tyo 


22-8 


7-2 


5-7 


9*4 



Total effect of TBones within 35-mile radios = 257 '2 
Orographical correction = 257-2 x 0' 000035 

= 0-00900. 
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The outer regions may be classified thus :— 
Azimuth 
(From S. by W.) Height 

feet 

■ • • • • • • £AJV/ 

5000 
... 9000 
.,. 4000 
,.. 3000 
... 900 

The resulting orographical correction is 00088 

Hence the total orographical correction is 0*00900 -f 0*00088 

= 000988 






to 


120 


120 




180 


180 




250 


250 




290 


290 




320 


320 




360 



Dehra Dtin. 



The maps of the Dun having all been contoured the opportunity of recomputing the 
orographical correction for Dehra Diin was favourable, and this has therefore been done. The 
value which has been used in Chapter II depends^ up to a radius of 30 miles, on the calculation 
made in Vol. V. Op, G. T. S, p. [177], though for the outer regions I substituted my own figures. 
It is desirable that the orographical correction of all the stations in and about the Dun be based on 
the same estimates of height, so that they may be at least cousistent, and, as there was so large 
a divergence between my heights and those of Vol. Y in the outer ^ones, it seemed probable that 
there might be some discrepancy in the inner ones also. 

Table XIL — Orographical Correction at Dehra Dun. 

Beight 2241 feet. 
(Up to a radius of 3 miles the inequalities may be disregarded). 



No. of Zone 


1 


2 


8 


No. of Zone 


4 


5 


6 


7 


Inner liadius 
Outer Kadius 


Smiles 
6 „ 


5 miles 

7 „ 


7 miles 
10 „ 


Inner Badius 
Outer Kudius 


10 miles 
15 „ 


15 miles 
20 „ 


20 miles 
25 „ 


25 miles 
85 „ 


Height 


Fraction 


Fraction 


Fraction 


Height 


Fraction 


Fraction 


Fraction 


Fraction 


f0ei 
1800 


©•20 


0*26 


0-27 


feet 

900 




OM2 


0-23 


0-31 


^100 


•37 


•18 


•10 


1500 


©•29 


•3» 


•21 


•14 


9350 


m6 


MO 


•II 


3fOO 


•20 


•10 


•05 




2900 


•u 


'ai 


•II 


3000 


•13 


•06 


•09 


•'3 


3600 


•03 


•19 


•II 


5000 


•18 


•17 


•27 


•>7 


4500 




•06 


•II 


7000 


•17 


•18 


•13 


•iS 


5500 




•00 


• 10 


8500 


•03 


•05 


•02 


•07 


6500 






•08 












7200 






'OI 


Effect 


«-7 


VI 


lyi 


EHecj} 


ai< 


12-7 


61 


93 



Total effect pf zones within 35-mile radius ss 71-5 
Orographical correction = 71*5 x 0*000036 

s: 0*00350 



Digitized by 



Google 



173 

The regions outside the 86-inile radios may be aaalysed in the same way as in Chapter II. 

There the inner radius was 30 miies^ here it is 35 miles^ the value of tke correction there obtained 

SO 
must consequently be multiplied by ^. It becomes thecefore ^ 

O-OOlll 
Hence the total oiographical correction is 

00086 
The value adopted in Chapter II was 

00041 

The two values thus agree satisfactorily. 

Table ZIII.-^Ahstract of Final Results. 



Station 


Latitude 


Height 


Obserred 
9 




^4 J2 


; 


Value at 
sea level 


To 


So - To 


Hardw&r 


o r f 

29 56 29 


fiet 
9*9 


979-122 


+0-089 


-0-033 


+ 0-002 


979*180 


979-294 


— 0-114 


Boorkee 


29 52 20 


867 


979-129 


+o-o8i 


—0-030 


+O-00I 


979-181 


979-288 


-0-107 


Nojli 


29 5 J 38 


879 


979' M3 


+0-082 


—0-031 


+ 0-00I 


979-195 


979-290 


-0-095 


Ealiina 


29 30 55 


810 


979* 154 


+0*676 


—0-028 


0-00 


979-202 


979-260 


-0-058 


Meerut 


29 26 


734 


979"'5» 


+0-069 


—0*026 


O'OO 


979-194 


979-221 


—0-027 


Oesupur 


28 33 2. 


691 


979-125 


+0-065 


—0-024 


O'OO 


979-166 


979-186 


—0-020 


Mohan 


30 10 53 


1660 


979-109 


+0-155 


—0-058 


+0-003 


979.209 


979*313 


—0-104 


Asarori 


30 14 25 


2467 


979-059 


+0-231 


—0-087 


+ 0-002 


979-205 


979"3i7 


— 0-II2 


Fatehpur 


30 25 53 


1434 


979-147 


+0-132 


-0-049 


+0-003 


979*233 


979*333 


— o-ioo 


Kilsi 


30 31 8 


1684 


979*131 


+0-158 


-0-059 

■ 


+0-0II 


979'24i 


979*339 


—0-098 


BAjpur 


30 24 12 


3321 


979*002 


+0-311 


-0-II7 


+0-010 


979-206 


979*330 


—0-124 
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CHAPTER VI. 



The Accuracy of the observations. 



There are two conyenient ways of determining the probable error of the reduced time of 
tibratiou of a pendulum. These have already beeu mentioned in Chapter I. 

I may here repeat that if p be the probable error of one complete determination of the 
time of vibration of any pendulum, that is to say, of the result of a night and a day observation 
preceded and followed by time determinations ; and if for any series of observations the differen- 
ces between the individual pendulums and the mean pendulum, the mean diflPerences, and the 
residuals be formed as in Table III of Chapter III ; and if all the residuals of the series be 
squared and summed, then 



" - ^-e^^s \/^^^ 



where n is the number of sets of observations. 

Also since there are four pendulums, the probable error of one determination of the time 
of vibration of the mean pendulum is 

p. = 4 

Secondly if there are two or more sets of observations at each station, and if the differen- 
ces between the several values of the time of vibration of the mean pendulum and the station- 
means be called v^, then, if there are n* stations and m sets of observations in all, the probable 
error of one determination of the time of vibration of the mean pendulum is 



fio = 0-6745 



V m ^ n 



It will be seen that the same words are used to define />o and fi^ but they are not identical 
quantities : I shall call the two ways of computing the above probable error A and B respectively 
and the results po and /^ 

In Chapter II the quantities necessary for computing po were not giveu^ they are shewn 
in the following table :— 
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Table I.'^JHfferencei between Individual Pendulums and Mean Pendulum. 



Station 


Date 


187 


T 


188 


T 


189 


T 


140 


T 


Ddhra Ddn 


1904 

Jan. 26-26 
„ 26-27 
„ 29-30 

Feb. 8- 4 

.. 6-6 


11 
11 

It 


4 
8 

5 
I 
6 



2485 
J484 
2493 
3491 
3491 
3489 


10 
11 

a 

4 
4 
6 


898 
895 
903 
903 
904 

903 


10 


1658 
1663 
1663 
1656 
1660 
1651 


I 

6 
6 
I 
3 
5 


H4dras 


Mar. 8- 4 
,. 4-5 
•• 6.7 
w 7-8 


41 
8o 


»7 
12 

6 


3508 

^483 
3507 

2493 


13 

13 
13 

a 


905 
907 

9«3 
911 




>645 
1656 
1637 
1644 


13 
I 

ao 
>3 


Colaba 


Mar. 16-17 
„ 17-18 
„ 20-21 
„ 21-22 


68 

7* 



6 

4 
4 


a49S 
3496 

2505 
3500 




I 

10 
5 


903 
904 

905 

913 




1661 
1666 
1664 
1660 


4 
9 
7 
3 




Ap. 22-23 
„ 23-24 
„ 25-26 
„ 26-27 


64 

66 

68 


4 

a 
3 



3501 

2497 
3496 

^495 


6 
a 

I 



909 
Q05 
907 
909 




1653 
1661 

1654 
'655 


4 
4 
3 

4 


Mossooree {CameVt JBtioi) 


May 16-17 
,. 1718 
„ 1819 


69 
81 
50 


1 
18 


2495 
3500 
3498 



5 
3 


897 
919 

896 


14 


1665 
1663 
1650 


8 
6 

7 


DehraDdn 


May 27-28 

„ 28-29 

June 2- 8 

„ 8-4 
„ 4- 5 


76 
84 
58 
68 
73 


8 

16 

10 



5 


3490 
3491 
2504 
3494 

2497 


5 

4 
9 

I 

a 


909 
904 
906 
901 
909 


4 


1656 
1670 
1656 
1660 
1660 


I 

13 

1 

3 

3 


Mean 


68 


•*• 


2495 


... 


905 


•*• 


1657 


••• 



The sums of the squares of the residuals' are for the different pendulums :— 



Pendulum 137 
[vv] 2611 

The number of sets is 26. 

Hence p 

and p, 3s 

Employing method B we have 



138 
1082 



189 
747 



140 
1872 



= 0-6745 

+ 5-9 
±80 



a/'58I 



\2_ 
5) 



Table IT. 



iilitUon 


No. of Sets 


v't' 


Dehra Dun 

Madras 

Colaba 

Mustooree (Dunseverick) ... 

Mussooree {Camel's Back)... 

Dehra Dun 


6 

4 
4 
4 
8 
5 


47 
117 
167 

78 
233 
315 


Total 


26 


957 



The number of stations is 6. 
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Hence 



M. = 0-6745 V^^ 

= ± 4-7. 



26-6 



The number of stations is small and it would be rash to generalise from the ralues of /»« 
and /<; derived from them. I therefore go on to examine thff results of the next season's work. 

The Season 1904-06. 

In Table III of Chapter HI the quantities necessary for computing p, »Te given. 

There are 48 sets of observations and the following values of [w] are found by squaring 
and summing the quantities v. 

Pendulum 137 138 139 140 

[w] 1277 2037 8812 4820 

Hence p - 0-6745\/ g^^ 

^ ± 61 
and Po = ± 8'1 

In the computation of /<, by method B we have the following series of values :— ' 

Table III. 



Statipn 


No. Sets 


[T'T'] 


DehraDun (Room) 


4 


155 


(Teqt) 


2 


85 


Cuttack 


3 


35 


Chatra 


8 


165 


KisnapuF , , . 


2 





Jalpai^uri 


3 


163 


Kesarbari 


(1) 


... 


Eamchandpur 


3 


817 


Siliguri 


4 


262 


Darjeeling ,.. 


8 


6 


Kurseong 


4 


157 


Sandakphu 


8 


5 


Dehra Duu (Room) 


8 


46 


DehraDun (Tent) 


8 


17 


Totals ... 


40 


1912 



The numbejr of stations is 18. ■• 

« n^^,. . /I9I2" 
Hence /^ = O'O'^^S V io^iriS 

= ± D-7 



By method A ve h|»d 



* 81 
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As in the case of the obsenratioas ending in Jnne 1904, we have /Uq larger than />o. 

The difference shows that the cause of a large proportion of the total error does not affect 
the differences between the individual pendulums and the mean pendulum in any set^ but pro- 
duces differences from set to set. 

Tbia cause is probably twofold, namely, 

(1) Differences between the temperatures of the pendulums and the temperatures 

recorded by the thermometers, 

(2) Variations of clock rate* 

During the hours of observation when the temperature is being constantly watched and 
to some extent controlled^ it is probable that the difference between the real temperature of each 
pendulum and that recorded by the thermometer is fairly constant^ but the amount of this differ- 
ence will depend on the conditions antecedent to the commencement of the observation, and these 
conditions will differ from day to day according to the state of the weather. 

Also if the clock rate is constant during the hours of observation no discrepancy between 
the actual rate and the rate adopted for the period of 24 hours will affect the differences between 
the individual pendulums and the mean pendulum, but it might well occur, when the temperature 
is variable, that the mean of the actual rates during the night and day observations would differ 
to some extent from the 24-hourly rate, and so produce discrepancies from set to set. Besides 
this the observed daily rates are no doubt burdened with a certain amount of error. 

Both cause (1) and cause (2) should have had less influence at stations where suitable 
observing rooms were available than at those where the conditions were less favourable. To exa- 
mine this I have computed the probable errors by both methods for the following stations of 
the season 1904-05: — Dehra Dun (Boom), Jalpaiguri, Darjeeling, Kurseong, Sandakphu and 
Dehra Diin (Boom). 

The results are : — 

By method A ... ... p = ± 6'* 

Whence ... ... po » ± 8*4 

By method B ... ... /*« = ± 4-2 

The former results were respectively 

/>o « ± 8*1 and /io = ± 5*7 

There is therefore a considerable diminution of the discrepancy, though it is clear that 
even in the ]:ooms the causes discussed had a considerable effect* 

If we call the probable error due to these causes r 

And we have 

(1). For tfie observations of Chapter II ... r = + 8*6 

(2). For tiiie observations of Chapter III 

(a) when all the stations are included ... r = ± 4*8 

(b) when only the stations with rooms 

are included ... ... r s ± 2-4 
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The large ralues of v at Madras and at the CatnePs Back station Massooree are to be chieflj 
attributed to want of experience on the part of the observer and to unsteady temperature. 

The large ralues of the same quantity at Ramchandp«r^ and at Dehra Dim in May 190&, 
and the very large value of [ v'v' ] at Kamchandpur^ are worthy of attention. 

With regard to Dehra Dun it is possible that these discordances were due to earth tremors 
caused by the after-shocks of the great Kangra Earthquake of April 4, 1905. Dehra Ddn lies 
very near^ in fact almost within the epif ocal region^ of that earthquake ; its effects there were 
disastrous^ and a great number of small after-shocks were no doubt taking place during the 
month of May. The absence of any notable irregularity during the observations in the tent 
(May 12th — 15tb} does not prove that the discrepancies of 18th and 19th were not due to 
tremors, for there may accidentally have been a quiet period while the first series of observationa 
was in progress. 

At Bamchandpur the pendulums were swung hi a hut built under a mango tree. This 
position was chosen for the sake of the protection from the sun that the tree afforded, but it has 
since occurred to me that the neighbourhood of a large tree is not a^ood place. If there is any 
wind the ground round the tree must be subject to many vibrations communicated by the 
branches, Uirough the trunk, to the roots. I have unfortunately no note as to whether there 
was or was not much wind during my stay at Bamchandpur. 

The Season 1906-06. 

Using the values of v in Table III of Chapter lY we have after squaring and summingj 

Pendulum 187 138 139 140 

[vv] 1870 1005 1338 860 

The total number of sets is 46. 

Hence p = 0-6745a /_*?ZL 

^ V 3 x45 

= ± 8-9 
and po = + 2*0 

Now taking the differences between the station-means and the means of the single sets we 
have 

Table IV. 



Station 


Ko. of erta 


[t'V] 


Dehra l^un 




8 


114 


Simla 




3 


218 


Kdlka 




(1) 


... 


Ludhiftna 




4 


27 


Midn Mir 




8 


17 


Ferozepore 




3 


17 


Pathankot 




8 


145 


Montgomery ... 




3 


S2 


Dera Ghfizi Khan 




3 


146 


Multdn 




8 


162 


Jacobabad 




3 


3 


Sibi 




2 


18 


Mach 




% 


41 


Quetta 




3 


26 


Dehra Dun ... 




4 


27 


Totals 


••• 


42 


988 



^^^-^le 



* Vid§ Prof. Omori'B map in the " JMlicaiiont o/ tk^ Smihjualf Inpuii^aiion ComwniiM'* No. 24^ Tok 
Japan, 1907. 
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The number of stations is 14. 

Hence /to = 0-6745a/I^ 

' = ± 4-0 
As in the previoos series of observations, /i^ is larger than po* 
la the present case the quantity which has been called r has the value 

+ 8-5 



The Season 1906-07. 

Proceeding as before, but omitting from consideration the observations made at the 
beginning of the season at Dehra Dun^ on accoont of the change in Pendulum No. 137 tliat took 
place just after the observations there, we obtain for this season the following results :— 



and 



Pendolom 187 188 189 


140 


[w] 788 842 438 


604 


The total number of sets is 88. 

Henee p an 0674.5 ^/~ 




= + 8 2 

Ptt = ± 1-6 





Nov using method B, we have 



Table V. 



SUtion 


No. of sefis 


[V' T'] 


Dehra Dun . ... 

Hardw^ 

Roorkee 

Nojli 

KaMna 

Meerut 

Gesupur 

Mohan 

Asarori 

Fatehpur 

K&lsi 

Rfijpur 

Dehra Dun 


8 
3 
4 
8 
4 
8 
8 
2 
2 
2 
2 
2 
8 


49 

5 

27 

49 

28 

1 

11 

8 

1 

18 

18 

1 

9 


Totals 


86 


220 



The number of stations is 18. 
Hence 



/ip = 0-6745 V 5^^ 



±21 



86-15 
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The good accordance between the two values ±2*1 and ±1*6 shows that daring this season 
the cause of discrepancies between sets has been to a large extent overcome. This may be safely 
attributed to the introduction of the thermometer in the dummy pendulum for measuring the 
temperature of the pendulums. There was no change in the clock nor in the instruments used 
in the time observations^ and the rooms occupied were not superior to those of the season 
1905-06 ; we may conclude therefore that of the two possible * causes mentioned on p. 177, the 
first was the more potent. 

The quantity r for this season ,___^ 

^ t/21*-l-6' 

»: ± 1-4 

The investigation of the errors has so far taken into oonsideration only the discrepancies 
between the observed values of the time of vibration at the several stations. When we come to 
consider the differences between these times and those observed at the Base station^ Dehra Dun^ 
there are other sources of error to be taken into account^ for there are several errors which are 
constant throughout the whole of the observations >t a station^ but which differ from station to 
station. I enumerate some of them here. 

1. Errors in the flexure correction. 

2. Errors in the corrections of the thermometers. 

8. Errors in the corrections of the barometer and hygrometer. 

4. Error in the constant of the temperature correction. ' 

5. Error in the constant of the density correction. 

6. Errors due to changes ia the lengths of the pendulums. 

I shall discass them seriatim, 

1. The flexure correction. 

An examination of the observed values of the flexure correction will show that the p.e. of 
the adopted mean seldom exceeds + 0*5. I shall take its value to be + 1*0. There seems no 
reason to suppose that the error of the determination is greater when the flexure is large than 
when it is small^ at least within the n^oderate variations actually encountered. At some few 
stations where the flexure was unsteady, owing to the cement in the pillar not having hardened 
when the observations began, there will no doubt have been a greater liability to error, but these 
cases were rare and need not be coQsidered further. * 

2. The correction to the thermometer readings. 

All the thermometers used for determining the temperatures of the pendulums have had 
their corrections determined on three separate occasions at the National Physical Laboratory at 
Kew. On the first two occasions the readings were made to 0'05 of a degree centigrade, and on 
the third occasion to 002. The determinations agree well with one another and I do not think 
that the difference of two corrected readings is likely to have a p.e. from this cause, of more 
than +0^*02. It is to be remarked that we are concerned with differences of temperature only, , 
not with absolute temperatures. 

If the p. e. of the difference of temperature be + 0^'02, that of the difference of the 
times of vibration will be " 

± 002 X 49 = ± 10. 

3. The corrections to the barometer and hygrometer. 

These may be entirely neglected. An error of 1 millimetre in the height of the barometer 
has no effect on the correction to the time of vibration, and errors in the hygrometer are of still 
less importance. 
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4. Tb^ eonstaat of ilie tempteatiife correction. 



The valae of this constant was determined both at Potsdam and at Eew : the results are 
given on p. 5 of this paper. The value which has been used for all the reductions is 49, and from 
the figures on p. 5 we may estimate that the p.e. of this value is not greater than + 0*2. If C be 
the difference between the average temperature of the pendulums at any station and the mean of 
the temperatures at Dehra Dun during the opening and closing sets of observations^ the p.e. of 
the difference between the reduced times of vibration will be 

± 0-2 X C, 

The error will be different for each station; but it will be sufficient here to find its average 
value and its extreme value for each season. 

In the season which ended in June 1904 the mean of the temperatures at Dehra Ddn was 
21^*0, the average of the temperatures at the other stations 20^*8, and the temperature which 
differed most from 21^0 was that at Mussooree (Camel's Back), where it was 14^'U. 

Thus the average p.e. was ± 004 
And the greatest p.e. was ± 1*4. 

In the season 1904-05 the mean of the temperatures at Dehra Ddn was 22^*7^ the 
«vaage at tihe other stations 17^-6, and the lowest 8°*8 at Sandakphu. 

Hence the average p.e. was +1*0 ^ 

And the greatest p.e. was + 2*9 

For the season 1905-06 the figures were:— 

At Dehra Dun ... ... 28^-5 

Average of field stations ... 16 '8 

Extreme 10 8 (At Simla) 

Hence the average p.e. was + 1*3 
And the extreme p.e. was ± 2'5. 

For the season 1906-07 the temperatures were : — 

At Dehra Dun... ... 20*-B 

Average of fields stations ... 18 '4 

Extreme ... ... 15 -1 (At Nojli) 

Hence the average p. e. was ± 0*5 
And the extreme p. e. was ±1*1 

For any ordinary station^ then^ a liberal estimate of the p. e. of the difference between 
the reduced times of vibration due to uncertainty in the temperature constant will be + 1*0. 

5. The constant of the density correction. 

Hie value of this constant also was determined both at Kew and at Potsdam. The means 
of the two sets of values (vide p. 4) differ by 1*7 per cent. The Potsdam values have been used 
tSnroughout^ and from the probable errors given that of the mean is + 1*8 or 0*S per cent. 

A reasonable assumption will be that the p.e. does not exceed 1*0 per cent. 

On this aoccmst^ mxen, the p. e. o( the difiference between the times of vibration at Dehra 
and at any other station is + 5*95 x (Density at Dehra^-Densxty at Station). 
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The average density at Dehra is about 0*848^ and at ordinttry stations in the plains of 
India it is about 0*930. The p. e. corresponding to this difference is 

± 0-5 
The lowest density so far met with was that at Sandakphn^ namely 0*626* 

The maximum p. e. therefore was + 1*8 
I haye adopted ± 0*8 as the normal value of this probable error^ 

6. Changes in the lengths of the pendulums. 

Minute changes of an accidental character such as would be occasioned by slight move- 
ments of the agates in their bearings^ or by particles of dust or moisture adhering to the sur- 
face of the pendulums have been instrumental in forming the discrepancies whence p^ and /u^ 
have been computed and need not be further considered. Systematic changes of individual 
pendulums with reference to the others have also had their effect on p^, and when considerable 
they have been allowed f or^ as in the case of Pendulum No. 140 daring the season 1904-05^ and of 
Pendulum No. 187 in November 1906^ but such changes^ as well as others affecting all the pendu- 
lums similarly^ will produce an uncertainty as to the proper value of the time of vibration at the 
Base station with which comparison should be made. If, for instance a change of » in the time 
of vibration took place between the opening and the closing observations, the question is, '^ When 
did the change take place ? " If it was a slow progressive change then the quantity x should 
be distributed evenly oyer the stations ; but if the change took place suddenly, say after the first 
field station, then that station should receive no correction and all the others should receive a 
correction of x. 

The time of vibration at Behra Dun has been taken to be the mean of the observed times 
before and after the field season''^, and the discrepancies between these times afford a means of 
estimating the uncertainty arising from changes in the pendulums. 



The times in question were s-^ 



January and Febmaiy 1904 
May and June 1904 



November 1904 (Eoom) ... ... 3522 .^ 

May 1905 „ ... ""^'^ ^^^ 

November 1904 (Tent) 
May 1906 ,, 



November 1905 
April 1906 

November 1906 
April 1907 





Time of 
vibration 


• •• ' 


0-5072528 
2519 




2522 
2509 




2504 
2602 




2506 
2615 




2508 
2505 



Diff. 
- 9 



- 2 
+ 9 

t 

- 8 



These differences do not depend wholly on changes in the pendulums and it is only pos- 
sible to form an idea of the uncertainty dae to this cause. If we treat each pair of values as if it 
consisted of two observations of the same thing, the difference being an accidental error, the 
average p. e. of the mean of a pair is 

± 2'8. 

I shall adopt ± 8*0 as the value of the p. e. due to changes in the pendulums, eseept in 
the season 1904-05 for which I shall assign ± 4*0. 

* la two eases special coReotioos were fiiit appUecL 
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It has been pointed out that the error represented by r ^1 be in part due to errors in the 
determination of the clock rate. The amount of this error must therefore be examined. 

In the following tables I giye an example of the time obseryations at a station :-« 

Station Oesupur. 
Table VL — Dielevelment of Tra/imt Axis. 



Data 


Maroh 8rd 


March 4th 


March 6th 


l£arch 6th 


At Beginning 


+ 3^7 


+ 3**3 


+ »'5 


* 
+ 3-4 


At End 


+ 4-3 


+ 4*3 


+ 5-0 


+ 4-» 


Mean 


+ 4-0 


+ 3-8 


+ 3-8 


+ 3-8 



Table VII. — Deviation in Azimuth. 



star 


March 8rd 


Maroh 4th 


March 6th 


March 6ih 


f i;naeMinori8(S.P.) 


West i3^j 


Weet 13^7 


Wett 16^5 


Wert i8''4 


I Ursae Minorie (8. P.) 


H 14-4 


i> 15 -6 


M «7'» 


n I9» 


61 (HcT.) Gephei 


u i5'o 


» »9'> 


» 30-3 


., aa-a 


Mean 


>t i4» 


tf i<»'x 


» i8-o 


« 19-9 
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SMle Vtll.^Abtftact of ODrreeted Times of Tmmdt and Dedwfei 

Clock Bates at Oempur. 



Sttf 


Zenith 


1 


Times of Transit 


Clock Bate 1 


8rd March 


Mar. 4th 


Mar. 6th 


Mar.eth 


8rd-4th 


4th— 6th 


6th-6th 


1 AurigM 


4.8 


N 


h m i 
4 5a "-95 


t 
8-91 


i 
5-87 


2-90 


t 
- 3-04 


9 
- 3-04 


- a -97 


1572 


4 34 


S 


5 3 4a-48 


39*37 


36-32 


33-43 


- 3-11 


- 3-05 


- 289 


ft Auriga* 


9 50 


N 


8 19*62 


16-58 


13-59 


10-53 


-• 3-04 


- 2*99 


- 3*06 


1627 


4 44 


N 


13 *o-j9 


17-19 


14-23 


11-31 


** 3-10 


- 2-0 


- 3-02 


1648 


41 


B 


16 H-85 


21-86 


18-73 


15*79 


- **99 


'^ 3-13 


- 2*94 


fi Tauri 


O I 


8 


ai 40' 73 


37*59 


34-55 


3i-6f 


^ 3-14 


- 3-04 


- 2-94 


1709 


o 34 


N 


25 2*08 


58 -88 


55-87 


5«'97 


- 3-»o 


- 3-01 


- 2*90 


1723 


3 35 


N 


27 56-39 


53*25 


50-25 


47-30 


- 3*14 


- 3-00 


- 2*95 


( Tauri 


7 28 


8 


53 «i»9 


i8-o8 


15 -oi 


12*09 


- 311 


- 3-07 


- 2*92 


1801 


5 33 


S 


, 38 0.00 


53*58 


SO'6b 


47-54 


... 


- 2-96 


- 3-08 


1824 


>o 57 


N 


43 39*84 


36-72 


33-64 


30-69 


- 3*1* 


- 3*08 


- «-95 


1868 


« 57 


8 


48 54-OI 


41-91 


38-83 


35-90 


- 3-10 


- 3-08, 


- «*93 


0* Auriga* 


8 39 


N 


54 38-9^ 


35'7« 


3»'58 


29'<»3 


- S'to 


- 3-14 


- »-95 


11 Qeminontm 


« 1 


8 


t5 W 31-00 


... 


45-75 


»2*76 


... 


«•• 


- 2*99 


2021 


643 


» 


«3 56-63 


33*51 


5o-S« 


47-54 


- 3*ia 


- 2*99 


- 298 


/i Qeminorum 


5 59 


S 


18 36-17 


^33-11 


30-08 


27*08 


- 306 


- 3-03 


- 3-00 


2084 


8 


S 


23 41-08 


37*91 


34*83 


31-95 


- 3-17 


- 3-08 


- 2-88 


2180 


*S8 


M 


30 O'OO 


13*94 


10-95 


8-01 


... 


- 2*99 


- a-94 


61 Aurigaa 


10 55 


N 


S3 29-17 


26-06 


22-99 


20*15 


- 311 


- 3*07 


- 2*84 


ff Qeminorum 


3 ao 


S 


39 o-oo 


35*71 


22-64 


19*75 


... 


- 3-07 


- 289 


<r Geminorum 


5 3i 


N 


47 55-77 


52-67 


49 62 


4667 


- 310 


- 3-05 


- «-95 


2254 


3 3 


a 


50 51-83 


48-67^ 


45 60 


42-74 


- 3-16 


- 3-07 


- 2*86 


KeanRate 

Oorreotion on account of Change in B. A. 

Final llMaEato 


- 3*11 


- 3*04 


- «*95 


+ 0*02 


+ 0*O2 


+ o*oa 


- 309 


— 3-02 


- 2*93 






] 


Prohable Krroi 


r of Mean 


Rate 


••• 


±0-009 


±0-007 


±0*009 
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Hbt number oi stars observed may be thougbt unnecessarily large but when tbe plan is 
fdllowed of obser\ring the same stars each nighty a few passing clouds might render the whole^ 
programme useless unless the observations extended over a considerable time. 

The p. e. of the clock rat6 being about ± 0"'01, that of -the reduced time of vibration 
will be 

+ 59 X 10-» X 001 = ± 006 X 10"' 

This value should be slightly increased on account of the p. e. of the level correction, 
any uncertainty in which afiEects the time of 4;ransit of all the stars in the same way. No increase 
is necessary on account of uncertainty in the azimuthal deviation, for the programme is always 
divided equally between stars north and 'south of the zenith so that a cancelment of errors is 
brought about. 

The value + 0*8 x 10*"^ may be assigned to the total p. e. on account of errors in the 
determination of the clock rate. Thus in the season 1906-07 the quantity r is almost wholly 
accounted for. 

The p. e. just found is not to be looked upon as a new source of uncertainty in the 
oba^rved time of vibration^ for it enters into /j^ and has therefore been already taken into account. 



Having now arrived at values for the various errors I shall build up the probable error 
of the difference between the times of vibration at the Base and at a £eld station. This total 
p.. .e. I shall call E^ taking as my unit the seventh decimal place of a second. 

The p..e. represented by /Xq appertains to tbe time of vibration of the mean pendulum, 
derived from one set of observations : if there were during any season on an average n sets at each 
station^ then the quantity to he used for that season, which 1 shall call p^, is 

\/ n 
In the early part of 1904 there wer.e as a rule 4 sets of observations at each station ; 
the value of fiQ was ± 4-7. 

Hence /i. = ±2-4 

The time of vibration at a field station is therefore burdened with the following errors : — 

1. fh •.. ... ± 2-4 

2. In the flexure correction ... ±1*0 
8. In the thermometer readings ... ±1*0 
4. In the temperature .constant ... ±1*0 
.5. In the density constant ... ±0*8 



Sum of squares ± 9*4 

Total p. e. + 8-1 

The time of vibration at Dehra Bun^ with which compariaon has to be made^ ia the mean 
of two separate series of observations and we have accordingly 

6. fi^ ... ... ... ± 1-7 

7. Flexure ... ... ±07 

8. Change in the pendulums ... ±3*0 



Sum of squares 124 

Total p. e. ± 8-5 

(Errors 3^ 4 and 5 above are functions of the differences in temperature and density and 
have not to be applied a second time). 

Hence E =^/9'4+ 12-4 

.== ± 47 
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For Ifh^ 6thfft M»6n8 tte Sgwss am th& sftine irStb tbe exception of /i. ntkidk lias the 
foUowiiig valHCs i^^ 

For 1904^5 /i. « ± - ^'^ = ± 3-8 at a field station 

;«. S3 ±2-4 at Delira Dun 

4*0 
For 1905-06 /«■ » ± a ± 2*4 at a field station 

V -3 
/ii ba ±1*7 at Delira D^ 

For 1906-07 /«. =» ± j^ ^ . = ±1^2 at a field station 

V 3 
/«. OB ±0-9 at Dekra Dun 

Hence for the season 1904-05 E = x/l4-5 + 22'3 = ± 61 

Fdr 1905-06 B =8^/9-4 -h 12-4 « ± 4-7 

For 1906-07 E «v^a + 10-8 ' =±89 

These nJues of E are given in t^rms of the seventh decimal place as nnit. 

Having now ev^uated the average probable errors of the differences in <he times of 
vibration at the Base and lit a field station for each season^ it remains to show the Gomesponding 
]^robabIe errc^rs of the deduced values of g. 

The equation whence ^ at a field station is deduced ia 



f^ff 


-■.V.-* 


whenee 


"7^ 




, 2*d8 


2k 
valuation (rf -t- we may put 






», s 8 = 0-507 


and 


^0 « 979 


Hence 


2* 2 X 979 
g» = 0-507 
» 3862 


Hence 


ifd*« lxl0-» 




iff = 0-000886 


For the season ending in June 1904, E » + 4*7 x 10-' 
Therefore p.*. of ^ = ±»0*0018 


For the season 1904-05 
Hence 


E = + 6-1 X 10-» 
p. e. of ^ = ± 0-0024 


For the season 1905-06 
Hence 


E = + 4-7 X 10-» 
p.e.of g >= ± 0-0018 


For the season 1906-07 


E = ± 8-9 X 10-» 


Hence 


p.e.ofp = ± 0-0015 



These are the probable errors based on the observed value of p at Dehra Dun, viz., 979*063 ; 
thej do not include the error with which that value may be burdened. 
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CHAPTER VII. 

In the tables in which the results of each season's work are summarised the last column 
contains the value of the quantity {ffo^ — 70-) 

This quantity is the difference between the observed value of the force of gravity and that 
which theory would lead us to expect. In computing the corrections required for the reduction 
to sea level the density of the earth's crust, including all rock above sea level, has been assumed 
to be 2*8 a9d the mean density of the earth to be 5*6. If at any station (po^ — 70) is & positive 
quantity it shows that the density of the sU'ata underlying that station is greater than 2*8^ and 
]| it is ne^tive that the density is less. 

What the actual densities are we cannot say unless we know the depths to which the 
excesses or defects extend but we can indicate the total amount of matter of density 2*8 which 
must be added to^ or subtracted from^ that which is visible in order to produce the observed 
deviation from the normal. 

The attraction of a circular disc on a point in its axis, situated at a height c above its 
upper surface^ the radius of the disc being r^ and its thickness h is 



IT |a + >v/r« + c»- v^r« 4- (c +'/»)« | 



If r be very large compared with c and h this becomes Kh, that is to say the attraction 
depends on the thickness of the disc only, and is independent of the height of the station above it* 

The value of K, when h is expressed in feet and the attraction in centimetres per sec6ndj 
and the density of the disc is taken to be half the mean density of the earthy is 0*000035, 

Thus if we have to account for a deficiency in gravity of * 001 cm. we may say that there is a 
deficiency in the matter underlying the station equivalent to a disc of indefinitely great radius 
the thickness of which is 

* 001 -5- * 000035 or 28 • 6 feet. 

In this way we can compute the amount of the excess or defect of matter underlying each 
station, obtaining the thickness of what has been calkd by Professor Helmert ^^ Die Ideelle 
Storende Schicht ". Adding or subtracting this thickness to or from the known height of the 
station we obtain an ideal height whicb would be that of the station if the strata underlying it 
were expanded or compressed, as the case may be, until they attained a density of 2 '8. 

This is only approximately true for the corrections to the observed g on account of the 

^ Z "r ) *^^ ^ ^*^® ^^^ computed on the assumption of 

a density of 2^, whereas the very facts that we are dealing with show that this was not the actual den« 
sity. Furthermore, when we have several stations in a small area and we find that the deficiencies 
to be accounted for differ by considerable amounts^ the method of explaining the deficiencies bj 
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imagining each station to have under it a disc of indefinite extension and of a thickness 
proportional to the value of {g^ — 70), breaks down^ for we should have parts of two or more discs 
of different thicknesses under each station. 

Nevertheless, since the central portion of the underlying disc is of much greater 
importance than the outer parts, the ideal heights give some idea of what would be the state 
of things if the crust were homogeneous and I have therefore drawn up a table to exhibit the 
actual heights, the thickness of the disturbing discs, and the ideal heights. Xn this table the 
stations have been grouped in regions. 

Actual and Ideal Heights of Stations. 



station 


Actual Height 
feet 


9o " >o 
cm. 


Thickness of 
disturbing disc 

feet 


Ideal Height 
feet 


Dehra Dun and Great Arc. ^ 


Mussooreo (Dunfleterick) 


7129 


- o-iis 


- 3389 


¥ 3840 


„ (Camel's Back) 


6924 


— 0*1 10 


' - 3143 


+ 3781 


Bajpup 


3321 


- 0134 


- 3546 


- 225 


]Kdl8i 


1684 


- 0098 


- 2800 


— 1 1 16 


Dehra Dun 


".39 


— 0*126 


- 3600 


— 1 361 


Fatehpur 


M34 


- p-ipo 


^ 2857 


- 14J3 


Asarori 


2467 


-- 0*112 


- 3*03 


- 736 


Hard war 


949 


- OII4 


- 3260 


- 2311 


^Xohan 


1660 


— 0*104 


- 2974 


- iS'4 


Boorkee 


867 


— 0*107 


- 3060 


- 2193 


Kojli 


879 


- 0*095 


- 2717 


- 1838 


Xaliaoa 


810 


- 0*058 


- 1659 


- 849 


Meerufc 


734 


— 0*027 


- 77a 


- 38 


Gesupur 


691 


— 0-020 


- 572 


+ 119 


N. E. Longitudinal Sertos, 


Sandakpha 


11766 


- 0*150 


- 4286 


+ 7480 


Darjeellng 


6966 


- 0*143 


- 4090 


+ 2876 


Kurseong 


4913 


— 0130 


- 37i8 


+ "95 


Siliguri 


387 


- 0*137 


- 39i4 


- 3527 


jMlpaiguri 


268 


- 0096 


- 2746 


- 2478 


Calcutta Meridional Series. 


Eeiarbari 


204 


- 0*043 


— 1230 


- 1026 


Ramchandpur 


13a 


+ 0*001 


+ 29 


+ 161 


Kisunpur 


H3 


+ 0*033 


+ 944 


+ 1057 


Chatra 


64 


+ 0*009 


+ aS7 


+ 321 
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Actual and Ideal ffeights of Station8^{ConUttued), 



Station 


AotualHeight 
feet 


cm. 


ThicknesB of 

disturbing disc 

feet 


Ideal Height 
feet 


Other Himalayan and Sub-Himalayan Stations. 


8imla 


7043 


— 0*119 


- 3403 


. + 3640 


Kalka 


3303 


- 0085 


• 3431 


- 339 


Path&nkot 


1088 


- 0-179 


- 5«i4 


— 4036 


Plains of the Punjab. 


Ludbiinft 


835 


— 0*048 


- «373 


- 538 


Mian Mir 


708 


+ 0004 


+ 114 


+ 833 


Ferosepore 


647 


+ o*oo6 


+ 173 


+ 819 




557 


+ 0-003 


+ 86 


+ 643 


MulUn 


404 


- 0045 


- 1387 


- 883 


Ben Ghasi Khan 


397 


- 0-088 


- a5X7 


— 3I30 


Baluchistan and Sind. 


QuetU 


55" 


- 0-139 


- 3971 


+ 1549 


Mach 


35" 


- 0-II7 


- 3346 


+ 176 


8ibi 


434 


— o-ii6 


- 33'8 


- 3884 


Jacobabad 


.83 


+ 0-031 


^ 887 


+ 1070 


Coast stations. 1 


Madras 


30 


+ o*oi4 


+ 400 


+ 430 


Colaba 


34 


•1- 0-088 


+ a5«4 


+ 8548 


Cuttack 


93 


+ 9039 


+ 839 


+ 931 



Plates TV, V, YI and VII have been drawn to show graphicalljr the difference between the 
yisible section of the earth^s surface and the ideal section. 

The upper diagram in each plate shows the actual or Tisible section^ that is to say the 
ordinates represent the actual heights of the stations above sea level. The middle diagram shows 
the thickness of the disturbing disc, and the third shows the ideal section, that is to say, the 
ordinates in it are the sums of the corresponding ordinates of the other two. 

Owing to the lengths of the sections represented being widely different, it has not been 
possible to draw them all on the same scale, but the proportion between the horiaontal and verti- 
cal scales in Plates lY, Y and YI is the same, the vertical scale being about 40 times as large as 
the horizontal^. Plate YII covers a much less horizontal distance and in it the exaggeration of 
the vertical is not so great, being only about 10 to !• 



* These diagram ware originallT drawn on the scale 80 milea to 1 ineh horisontol and 4000 lett to 1 iooh veztioai^ 
sad they were a£torwards redueed by photography to fit the page. 
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In these diagrams the first point to be noticed is that in and near the foot-hills there is 
always a great deficiency in the force of gravity^ the disturbing disc is always thick ; but it is 
also to be remarked that under hills its thickness in no case equals the height of thehHIand it does 
not increase with the height of the hill. Thus in Plate IV the defect is almost constant from 
Siliguri to Sandakphu^ in Plate VI fron^ Sibi to Quetta aud in Plate VII from Asarori to 
Idussooree. 

This constancy in the defect leads to tlie result that in the ideal section there is a deep 
dip at the foot of hills and this dip has an jmportant bearing on the deflec ti ons of the plumb-line. 

In Plate IV a dotted line has been drawn on the •d><^Si^<^*3i <^ ^ idedl section to show 
the way in which the deflection of the plumb-line in the meridian varies. 

Judging by the visible secticm it seems impossible to believe that at Ramchandpur and 
Xesarbari the plumb-line is deflected to the south ; but if to account for this observed fact we 
assume that the visible mass of the Himalayas is wholly compensated by deficiencies of density^ 
vre are equally at a loss to account for the appearance of a northerly deflectinn at Jalpaigun 
vrhich rises with great rapidity to a maximum at Kurseong. 

The great dip between Kesarbari and Kurseong explains the observed effects quite satisfac- 
torily. At Kesarbari there is nearly a balance between the attraction of the mass to the south 
aided by the dip to the norths and that of the far greater^ but more distant Himalayas to the 
north. At Jalpaiguri part of the dip is already to the south tending to counteract the effect of 
the remainder thid; still lies to the north, the Himalayas are more powerful than the mass to the 
south and the plumb-line in therefore deflected iu their direction. 

At Kurseong the dip and the Himalayas acting in harmony produce the largest deflection 
that has yet been curved in India. 

On receding from the hills in a direction more or less at right angles to them the force 
of gravity approaches the normal value and finally exceeds it, as at Kisnapur in Plate TV, Mi&n 
Mir and Montgomery in Plate V and Jacobabad in Plate VL 

The observations detailed in Chapter V were not carried sufficiently far south to ascertain 
whether this rule holds good in that region also, but it is probable that it does, for, as the first 
part of the table shows, the deficiency in gQ^ was growing steadily less, and at Oesnpur was .only 
about a fifth part of what it was at Nojli. 

The investigation of the position of the locus of maximum values of (^o^"*To) ^ <^ ^^ 
portant part of future pendulum operations. 

Plate VIII shows the position of the stations near the Siwfiliks and Himalayas the obser- 
fi^ations at which were given in Chapter V. 'the results are shewn in the first part of the table 
and in Plate VII. The noteworthy point is here the fact that the defects do not seem to be 
affected by the presence of the Siw&lik range. There is for instance, no additional defect at 
Mohan or Hardw&r. The difference from the normal seems to diminish with perfect regularity 
from Dehra Dun to Gesupur. 

Throughout this area similarly placed atattons have similar defeets, thoo^ at western 
stations they are generally greater than at eastern ones. 

Thus at K&lsi the deCsct is 0-098 at lUjpur 0*124 

at Fatehpur 0100 at Dehra Dun 0*126 

at Mohan 0*104 at Haidw^ 0114 

atNojU 0-095 at Boorkee 0*107 

These variations are however probably local 



Digitized g/ VnOOQ IC 






191 



INDEX OF THE PENDULUM STATIONS IN INDLi. 



Abakoki 


... Description .., 


• . . 




Details of the Observations 


... 




Orographical Correction 


. •• 




Value of g 


••• 


Calcutta 


... Description 


... 




Failure of the Observations 


... 


Chatra 


... Description 


• •f 




Details of the Observations 


... 




Value of g 


... 


, COLABA 


... Description 


... 




Details of the Observations 


••• 




Value of g 


. • • 


ClTTTACK 


... Description 

Details of the Observations 
Value of g 


... 


Dabjeeling 


... Description 


... 




Details of the Observations 


... 




Orographical Correction 


... 


DiB&A Dun 


Value of g ^ ... 
. . . Description, BasevVs Station 
Value of g 


... 




Description, New Station and Field Station 




Orographical Correction 


tt« 



Fasi 

147 

156 

167 

173 

40 

40 

78 

82 

105 

41 
46 

62 

72 

81 

105 

77 

88 

101 

105 

39 

52 

72 

.68 ft m 
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INDEX OP THE PENDULUM STATIONS IN INDIA--(Co«<t«fitfd). 

Dbhm Dun (Ctd.) Detaib of the Observatiom, Januarp, 1904 ... ... 44 

Detaili of the ObservatioMj May, 1904 ... ... 49 

Detaili of the Observatione, November, 1904 ... ... 80 

Detaili of the Obiervatiom, Map, 1905 ... ... * go 

Details of the Observatiom, November, 1905 ... ... 117 

DetaiU of the Observatiom, April, 1906 ... ... 127 

Details of the Observations, November, 1906 ... ... 150 

Details of the Observations, March and April, 1907 ... ... 158 

DiBAGHAuKHAN.De^mp^tofi ... ... ... ... us 

Details of the Observations ... ... ... 122 

Value of ff ... ... ... ... ... 148 

Fatibpub ... Description ... ... ... ... ... 143 

Details of the Observations ... ... ... ... 157 

Orographical Correction ... ... ... ... I68 

Value of g ... ... ... ... ... 178 

FuosEBTOU ... Description ... ... ... ... ... 112 

Details of the Observations ... ... ... ... 120 

Value of g ... ... ... ... ... 143 

GssuFVB •.. Description ... ... ... ... ... 147 

Details of the Observations ... ... ... ... 155 

Value of ff ... ... ... ... ... 178 

Habdwas ... Description ... ... ... ... .,. 143 

Details of the Observations ... ... ... ... 160 

Orographical Correction ... ... ... ... 164 

Value of g ... ... ... ... ... 173 

Jacobabad ...Description ... ... ... ... ... 115 

Details of the Observations ... ... ... ... 124 

Value of g ... ... ... ... ... 148 

jAiFAiGxnu ••• Description ... ... ... ... ... 74 
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INDEX OF THM PENDULUM STA' 


riONS IN mmk--{0(mlin^d). 








\ 




Paob 


jALFAiGinu (Ctd.) Details of the Obiervafions 


•• ••• ••• ••• 


84 






Value of g 


. 




105 






Dr. Hecker^s Obeervatiom 


• ••■ ••• •• 




106 


Kaliana 


• • • 


Deecription 


• ••* ••• •• 




146 






Details of the Observations 


• ••• •«• •• 




153 






Value ofg 


. 




178 


Kalka 


• ■ • 


Description 


..1 ... •• 




110 






Details of the Observations 


. 




118 






Orop-aphical Correction 


• ••• ••* •* 




186 






Value ofg 


... 




148 


Kalsi 


... 


Description 


•c 




148 






Details of the Observations 


:.. 




167 






Orographical Correction 


. 




169 






Value of g 


. 




178 


ESSABBABI 


• •# 


Description 

Details of the Observations 

Value of g 


: : : :: 




75 

85 

105 


ElSNAPUB 


... 


Description 


. 




77 






Details of the Observations 


. 




88 






Value ofg 


• ••• »•• ••< 




105 


EUBSEONO 


*•• 


Description 


. 




77 






Details of the Observations 


. 




88 






Orographical Correction 


• 




99 






Value ofg 


• *•■ ••• .• 




105 


1 LUDHIANA 


• •• 


Description 

Details of the Observations 


• *•• •*• *• 




111 
118 






Value ofg 


• .•■ *•• •• 




148 


Mach 


• •• 


Description 


... 




115 


• 




Details of the Observations 


»• •«. ... ♦• 




126 
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INDEX OP THE PENDULUM STATIONS IN IKDIA^iContinuedJ. 







Paob 


Mach (Ctd.) 


OrograpUcal Correction 


140 




Value ofg ... ... 


148 


Madbas 


Description 


41 




Details of the Observations 


45 




Value, ofg 


52 


MXERUT 


Description 


147 




Details of the Observations 


• ... 154 




Value ofg 


178 


Mian Mib 


Description 


111 




Details of the Observations 


119 




Value ofg 


148 


Mohan 


Description 


147 




Details of the Observations 


156 




Orographical Correction 


165 




Value ofg 


178 


MONTOOMBRT ... 


Description 


118 




Details of the Observations 


122 




Value ofg 


148 


MULTAN 


Description 


114 




Details of the Observations 


128 




Value ofg 


143 


MUSSOORBB 

{Camel's Back) 


Description 

Details of the Observations 


48 
48 




Orographical Correction 


68 




Value ofg 


52 


MUSSOOBBB ... 

{Dunaeverick) 


Description 


42 


Details of the Observations 


47 




Orographical Correction 


69 
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INDEX OF THE PENDULUM STATIONS IN mDIA—iContinued). 









Paob 


MUSSOOREB (Ctd.] 
{Dunseverick) 


1 Value of g 


• ••• ••• ••• 


62 


No/Li 


Deicription 


.,• 


146 




Details of the Observations 


.. 


162 




Orographical Correction 


•• ••• t*. •*• 


168 




Value of g 


■ .•• ■*■ ,.. 


178 


Pathankot 


Description 


. •<• ... «•• 


118 




Details of the Observations 


!• ••• ••• ... 


121 




Orographical Correction 


• •• ••• ••• 


188 




Value ofg 


• ••• •■• ••• 


143 


QUSTTA 


Description 


. ••• •*• .*• 


116 




Details of the Observations 


• ••• ••■ «(• 


126 




Orographical Correction 


. 


142 




Value ofg 




148 


Rajpub 


Description 


. 


148 




Details of the Observations 




168 




Orographical Correction 


... ^ 


171 




Value ofg 


* • « • . . 1 ••• 


178 


Bamchandpub... 


Description 


• ••• ••< ••• 


76 




Details of the Observations 


• ••• ••• ••• 


86 




Value ofg 


• ••• ... ••• 


105 


BOOBKSB 


Description 


• ••• ••> ••• 


146 




Details of the Observations 




161 




Orographical Correction 


• «•• «•• ••• 


168 




Value ofg 


• ••• ••! ••• 


178 


Sandakpbu ... 


Description 


»t ••■ ••• •*• 


78 




Details of the Observations 


■ • ••• ••• »•• 


89 




Orographical Correction 


• ••• ••• ••• 


108 




Value ofg 


• ••• ••• ttt 


105 
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INDEX OF THE PENDULUM STATIONS IN lUDlA^iOoniinued). 



SiBi ... Diicription 

Details of the Observations 
Orographical Correction 
Value of g 

SuiGVKi ... Description 

Details of the Observations 
Orographical Correction 
Value of g 

Simla. ... Description 

Details of the Observations 
Orographical Correction 
Value of g 
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115 
125 
139 
148 
76 
87 

105 
110 
117 
134 
148 



Tbe table showing the real and ideal heights of all the stations is to be found on 
pp. 188, 189. 
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MAP Showiug the PENDULUM STATIONS Seasons 1904 to 1907 
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Map showing the PENDULUM STATIONS in the vicinity of Dehra Dun. plate 
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